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SATELLITETM SPINAL SYSTEM
510(k) Summary
February 2006

I. Company: Medtronic Sofamor Danek JAN - 5
· 1800 Pyramid Place
Memphis, TN 38132
(901) 396-3133

Contact: Edward S. Chin
Group Director, Clinical and Regulatory Affairs

II. Proprietary Trade Name: SATELLITET' Spinal System

III. Classification Name: Orthosis, Spinal Intervertebral Fusion, Solid Sphere

IV. Regulation Number: Preamendment Device

V. Product Code: NVR

VI. Product Description

The SATELLITETM Spinal System consists of spheres manufactured from either cobalt
chrome or medical grade PEEK-OPTIMA LTI, which may be implanted from L3-S 1 to
provide temporary stabilization in order to help promote fusion.

VII Indications

The SATELLITETM Spinal System is intended to be inserted between the vertebral
bodies into the disc space from L3 to SI to help provide stabilization and to help
promote intervertebral body fusion. This internal fixation device is intended for, and
designed solely for holding bone parts in alignment while they heal. The SATELLITETM

Spinal System is intended to be used with bone graft.

VIII Substantial Equivalence

The purpose of this submission was to add PEEK-OPTIMA LT1 spheres with Tantalum
markers to the system. Documentation was provided which demonstrated the subject

SATELLITETM Spinal System devices to be substantially equivalent to the cobalt chrome
SATELLITE T

M Spinal System devices previously cleared in K051320 (SE 09/09/05).

00003;.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Medtronic Sofamor Danek
% Ms. Christine Scifert JAN 5 2007
Group Director, Regulatory Affairs
i 800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415/S I
Trade Name: SATELLITE® Spinal System
Regulatory Class: Unclassified
Product Code: NVR
Dated: September 28, 2006
Received: September 29, 2006

Dear Ms. Scifert:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act). You may, therefore, market the device, subject to the general controls
provisions of the Act and the limitations described below. The general controls provisions of the
Act include requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

The Office of Device Evaluation has determined that there is a reasonable likelihood that this
device will be used for an intended use not identified in the proposed labeling and that such use
could cause harm. Therefore, in accordance with Section 513(i)(1)(E) of the Act, the following
limitation must appear in the Warnings section of the device's labeling:

"The safety and effectiveness of this device for use in motion sparing, non-fusion
procedures has not been established."

Please note that the above labeling limitations are required by Section 513(i)(1)(E) of the Act.
Therefore, a new 510(k) is required before these limitations are modified in any way or removed
from the device's labeling.

The FDA finding of substantial equivalence of your device to a legally marketed predicate
device results in a classification for your device and permits your device to proceed to the
market. This letter will allow you to begin marketing your device as described in your Section
510(k) premarket notification if the limitation statement described above is added to your
labeling.
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Page 2 - Ms. Christine Scifert

If your device is classified (see above) into either class II (Special Controls) or class III (PMA),
it may be subject to additional controls. Existing major regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

If you desire specific information about the application of other labeling requirements to your
device (21 CFR Part 801), please contact the Office of Compliance at (240) 276-0120. Also,
please note the regulation entitled, "Misbranding by reference to premarket notification" (21
CFR Part 807.97). You may obtain other general information on your responsibilities under the
Act from the Division of Small Manufacturers, International, and Consumer Assistance at its
toll-free number (800) 638-2041 or (240) 276-3 150 or at its Internet address
<http://www.fda.gov/cdrh/industry/support/index.html>.

Sincerely yours,

illanPh.., .PA.
Director
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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February 2006

510(k) Number (if known): C' ?//5

Device Name: SATELLITETM Spinal System

Indications for Use:

The SATELLITETM Spinal System is intended to be inserted between the vertebral bodies

into the disc space from L3 to SI to help provide stabilization and to help promote

intervertebral body fusion. This internal fixation device is intended for, and designed

solely for holding bone parts in alignment while they heal. The SATELLITE TM Spinal

System is intended to be used with bone graft.

Prescription Use X AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRI, Office of Device Evaluation (ODE)

(Division Sign.Off)
Division of General, Restorative,
and Neurological Devices

510(k) Number __o_ __O__ c

j 0003.q
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Medtronic Sofamor Danek
% Ms. Christine Scifert JAN - 5 2007
Group Director, Regulatory Affairs
I 800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415/Sl
Trade Name: SATELLITE® Spinal System
Regulatory Class: Unclassified
Product Code: NVR
Dated: September 28, 2006
Received: September 29, 2006

Dear Ms. Scifert:

We have reviewed your Section 5 10(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act). You may, therefore, market the device, subject to the general controls
provisions of the Act and the limitations described below. The general controls provisions of the
Act include requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

The Office of Device Evaluation has determined that there is a reasonable likelihood that this
device will be used for an intended use not identified in the proposed labeling and that such use
could cause harm. Therefore, in accordance with Section 513(i)(1)(E) of the Act, the following
limitation must appear in the Warnings section of the device's labeling:

"The safety and effectiveness of this device for use in motion sparing, non-fusion
procedures has not been established."

Please note that the above labeling limitations are required by Section 513(i)(1)(E) of the Act.
Therefore, a new 510(k) is required before these limitations are modified in any way or removed
from the device's labeling.

The FDA finding of substantial equivalence of your device to a legally marketed predicate
device results in a classification for your device and permits your device to proceed to the
market. This letter will allow you to begin marketing your device as described in your Section
510(k) premarket notification if the limitation statement described above is added to your
labeling.
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Page 2 - Ms. Christine Scifert

If your device is classified (see above) into either class II (Special Controls) or class III (PMA),
it may be subject to additional controls. Existing major regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

If you desire specific information about the application of other labeling requirements to your
device (21 CFR Part 801), please contact the Office of Compliance at (240) 276-0120. Also,
please note the regulation entitled, "Misbranding by reference to premarket notification" (21
CFR Part 807.97). You may obtain other general information on your responsibilities under the
Act from the Division of Small Manufacturers, International, and Consumer Assistance at its
toll-free number (800) 638-2041 or (240) 276-3150 or at its Internet address
<http://www.fda.gov/cdrh/industry/support/index.html>.

Sincerely yours,

illanPh.., ,PA.
Director
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

;A
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February 2006

5 10(k) Number (if known): 0 '1

Device Name:SAELTTSpnlyse

Indications for Use:

The SATELLITE TM Spinal System is intended to be inserted between the vertebral bodies
into the disc space from L3 to S1 to help provide stabilization and to help promote
intervertebral body fusion. This internal fixation device is intended for, and designed
solely for holding bone parts in alignment while they heal. The SATELLITE TM Spinal
System is intended to be used with bone graft.

Prescription Use- __X AND/OR Over-The-Counter Use ___(Part 21 CFR 801 SubpartDF) (21 CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Division of General, Restorative,
and Neurological Devices

510(k) Number K ~ o~ /

00 Ck(139
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DEPARTMENT OF HEALTH &HUMAN SERVICES Public Health Service

4JWVS2~~~~~~~~~~~~~~~~ ~~Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Medtronic Sofamor Danek
% Ms. Christine Scifert
Group Director, Regulatory Affairs
1 800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415/S1
Trade Name: SATELLITES Spinal System -

Regulatory Class: Unclassified
Product Code: NVR
Dated: September 28, 2006
Received: September 29, 2006

Dear Ms. Scifert:

We have reviewed your Section 5 10(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act). You may, therefore, market the device, subject to the general controls
provisions of the Act and the limitations described below. The general controls provisions of the
Act include requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

The Office of Device Evaluation has determined that there is a reasonable likelihood that this
device will be used for an intended use not identified in the proposed labeling and that such use
could cause harm. Therefore, in accordance with Section 513(i)(1)(E) of the Act, the following
limitation must appear in the Warnings section of the device's labeling:

"The safety and effectiveness of this device for use in motion sparing, non-fusion
procedures has not been established."

Please note that the above labeling limitations are required by Section 513(i)(1)(E) of the Act.
Therefore, a new 5 10(k) is required before these limitations are modified in any way or removed
from the device's labeling.

The FDA finding of substantial equivalence of your device to a legally marketed predicate
device results in a classification for your device and permits your device to proceed to the
market. This letter will allow you to begin marketing your device as described in your Section
5 10(k) premarket notification if the limitation statement described above is added to your
labeling.
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Page 2 - Ms. Christine Scifert

If your device is classified (see above) into either class II (Special Controls) or class III (PMA),

it may be subject to additional controls. Existing major regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean

that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must

comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set

forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

If you desire specific information about the application of other labeling requirements to your
device (21 CFR Part 801), please contact the Office of Compliance at (240) 276-0120. Also,
please note the regulation entitled, "Misbranding by reference to premarket notification" (21

CFR Part 807.97). You may obtain other general information on your responsibilities under the
Act from the Division of Small Manufacturers, International, and Consumer Assistance at its
toll-free number (800) 638-2041 or (240) 276-3150 or at its Internet address
<http://www.fda.gov/cdrh/industry/support/index.html>.

Sincerely yours,O f4

Donna-Bea Tillman, Ph.D., M.P.A.
Director
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure

2,-..
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February 2006

510(k) Number (if known): 0(2 69q/

Device Name: SATELLITETM Spinal System

Indications for Use:

The SATELLITETM Spinal System is intended to be inserted between the vertebral bodies

into the disc space from L3 to SI to help provide stabilization and to help promote

intervertebral body fusion. This internal fixation device is intended for, and designed

solely for holding bone parts in alignment while they heal. The SATELLITETM Spinal

System is intended to be used with bone graft.

Prescription Use __X AND Over-The-Counter Use
(Part 21 CFR 801 Subpart D) CFR 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE NANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

(Division Sign-Oft)"
Division of General, Restorative,
and Neurological Devices

510(k) Number KD0 C©Lf/S/c

00003.9
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Medtronic Sofamor Danek
% Ms. Christine Scifert
Group Director, Regulatory Affairs
1800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415/Sl
Trade Name: SATELLITE® Spinal System
Regulatory Class: Unclassified
Product Code: NVR
Dated: September 28, 2006
Received: September 29, 2006

Dear Ms. Scifert:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act). You may, therefore, market the device, subject to the general controls
provisions of the Act and the limitations described below. The general controls provisions of the
Act include requirements for annual registration, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

The Office of Device Evaluation has determined that there is a reasonable likelihood that this
device will be used for an intended use not identified in the proposed labeling and that such use
could cause harm. Therefore, in accordance with Section 513(i)(1)(E) of the Act, the following
limitation must appear in the Warnings section of the device's labeling:

"The safety and effectiveness of this device for use in motion sparing, non-fusion
procedures has not been established."

Please note that the above labeling limitations are required by Section 513(i)(1)(E) of the Act.
Therefore, a new 510(k) is required before these limitations are modified in any way or removed
from the device's labeling.

The FDA finding of substantial equivalence of your device to a legally marketed predicate
device results in a classification for your device and permits your device to proceed to the
market. This letter will allow you to begin marketing your device as described in your Section
510(k) premarket notification if the limitation statement described above is added to your
labeling.

$1
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Page 2 - Ms. Christine Scifert

If your device is classified (see above) into either class II (Special Controls) or class III (PMA),
it may be subject to additional controls. Existing major regulations affecting your device can be
found in the Code of Federal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not limited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531-542 of the Act); 21 CFR 1000-1050.

If you desire specific information about the application of other labeling requirements to your
device (21 CFR Part 801), please contact the Office of Compliance at (240) 276-0120. Also,
please note the regulation entitled, "Misbranding by reference to premarket notification" (21
CFR Part 807.97). You may obtain other general information on your responsibilities under the
Act from the Division of Small Manufacturers, International, and Consumer Assistance at its
toll-free number (800) 638-2041 or (240) 276-3150 or at its Internet address
<http://www.fda.gov/cdrh/industry/support/index.html>.

Sincerely yours,

Donna-Bea Tillman, Ph.D., M.P.A.
Director
Office of Device Evaluation
Center for Devices and
Radiological Health

Enclosure

> OFIE SURNAMW DATE OFFICE SURNAME DATE OFFICE SURNAME DT
I ,I ____ u ,

!illii; c --i--A ......... ..........................................
tr (r 3 2t s L......
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JEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

August 01, 2006 Rockville, Maryland 20850

MEDTRONIC SOFAMOR DANEK 510(k) Number: K060415
1800 PYRAMID PLACE Device: MODIFICATION TO:
MEMPHIS, TN 38132 SATELLITE SPINAL
ATTN: RICHARD TREHARNE SYSTEM

Extended Until: 02-OCT-2006

Based on your recent request, an extension of time has been granted
for you to submit the additional information we requested.

If the additional information is not received by the "Extended Until"
date shown above your premarket notification will be considered
withdrawn.

If you have procedural or policy questions, please contact the
Division of Small Manufacturers International and Consumer Assistance
(DSMICA) at (301) 443-6597 or at their toll-free number (800) 638-2041,
or contact me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health

I133
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Medtronic Solamor Danek

1800 Pvranlid Pl c'

Ndimroic ww ,I~icti-olic~i (>]

SOFAMOR DANEK Id 901.396.31 .3
fax 91i.3469738

Regulatory Affairs Department tel 800.8761133

July 31, 2006

Document Control Clerk
Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Document Mailing Center (HFZ-401)
9200 Corporate Blvd., Room 20N
Rockville, Maryland 20850

Re: SATELLITE", Spinal System - K060415

Dear Document Control Clerk:

On April 27, 2006, we received a list of questions regarding the above referenced 510(k).

During the course of mechanical testing we have determined that additional time will be

required to complete the testing and to write the test report. Based upon the time

constraints, we are requesting a further extension of 60 days.

Thank you for your cooperation in this matter. If you have any questions, please call me

at (901) 396-3133.

Sincerely,

Lee Grant CT)

Supervisor, Regulatory Affairs "
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and'
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

May 08, 2006 Rockville, Maryland 20850

MEDTRONIC SOFAMOR DANEK 510(k) Number: K060415
1800 PYRAMID PLACE Device: MODIFICATION TO:
MEMPHIS, TN 38132 SATELLITE SPINAL
ATTN: RICHARD TREHARNE SYSTEM

Extended Until: 03-AUG-2006

Based on your recent request, an extension of time has been granted
for you to submit the additional information we requested.

If the additional information is not received by the "Extended Until"
date shown above your premarket notification will be considered
withdrawn.

If you have procedural or policy questions, please contact theDivision of Small Manufacturers International and Consumer Assistance
(DSMICA) at (301) 443-6597 or at their toll-free number (800) 638-2041,
or contact me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health
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Medltronic Sofamor Danek

1800 Pynnnii I'Elac('

McmpIhi,~ IN 18132

SOFAMOR DANEK ((] 901 .9(6313
fix 901 Pf .97 8

Regulatory Affairs Department ted 80087.31 H

May 5, 2006

Document Control Clerk
Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Document Mailing Center (HFZ-401)
9200 Corporate Blvd., Room 20N
Rockville, Maryland 20850

Re: SATELLITE Tm Spinal System - K060415

Dear Document Control Clerk:

On April 27, 2006, we received a list of questions regarding the above referenced 510(k).

The FDA issued the letter on April 5, 2006, however, the request was inadvertently sent

to Cytori Therapeutics instead of Medtronic Sofamor Danek. We were informed of the

questions by Cytori representatives on April 27, 2006. Based upon this time lapse, and on

today's teleconference discussions regarding to additional testing, we are requesting a 90-

day extension.

Thank you for your cooperation in this matter. If you have any questions, please call me

at (901) 396-3133.

Sincerely,

Lee Grant
Supervisor, Regulatory Affairs

IIt
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Medtronic Sofamor Danek, Inc.
d/o Richard W. Treharne, Ph.D.
Senior Vice President, Regulatory Affairs APR -5

1800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415
Trade Name: SATELLITE Spinal System
Dated: February 16, 2006
Received: February 17, 2006

Dear Dr. Treharne:

We have reviewed your Section 5 10(k) premarket notification of intent to market the device
referenced above. We cannot determine if the device is substantially equivalent to a legally
marketed predicate device based solely on the information you provided. To complete the review
of your submission, we require that you address the following items:

I .You propose the addition of spheres manufactured from PEEK-OPTIMA LTlI to the Satellite
Spinal System. This system has unique geometry as compared to other legally marketed
fusion devices and you have not provided clinical information on the safety and effectiveness
of this device as an adjunct to fusion. You have provided data from two bench tests,
subsidence and push-out, which demonstrate that the PEEK Satellite Spinal System performs
differently from the cobalt chrome predicate. The overall effect that this change in material
could have on the performance of the Satellite Spinal System is not well understood and
therefore cannot be fully described pre-clinically. Given our limited understanding of how
this device will perform in vivo, we believe clinical data are necessary to assess the affect this
material change will have on the performance of the device. Therefore, please provide
clinical data that demonstrates equivalence in terms of safety and effectiveness of the PEEK
Satellite Spinal System for the indication sought. Please be advised that prior to initiating a
clinical trial in the United States you must submit an investigational device exemption (IDE)
application for review by the FDA.

2. You have provided results of subsidence testing and push-out testing of your worst case
PEEK device. The PEEK device exhibited a higher subsidence load and a higher push-out
load than the predicate cobalt chrome device. We believe that these two tests do not fully
pre-clinically address all of the potential risks that are associated with changing the device
material from cobalt chrome to PEEK. The PEEK device could fail at low compression loads
(static and fatigue) as compared to a legally marketed predicate device, In addition, the
PEEK device could be subject to wear. Therefore, please:
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Page 2 - Richard W. Treharne, Ph.D.

a. Provide results of static and dynamic compression testing of the worst case PEEK
device. Please compare the results of these tests to a legally marketed predicate
fusion device and provide a physiologic justification showing that the strength
exhibited by the device in static compression and compression fatigue is adequate.

b. Provide results of wear testing on the worst case PEEK device. This test should
mimic abrasion of the vertebral endplates against the device under worst case
physiological loads and motions. If your device produces an excessive amount of
wear, you may need to perform an animal study to demonstrate that the amount, size
and morphology of the PEEK wear debris is acceptable. However, if the device
produces minimal wear, you may be able to validate the results with the literature.

3. You state that the subject devices are manufactured from PEEK-OPTIMA LTI and tantalum.
However, you have not provided any specific information on the materials. Please provide
the manufacturer of the materials and any standards to which the materials conform. Please
identify a predicate device which utilizes these same materials in the spine. Then please
describe if you have made any changes in manufacturing techniques used in the predicate that
could potentially affect the biocompatibility or material properties of the device.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your 510(k) submission can be successfully completed. In developing the
deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of the
Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your device.

We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center web page at:
http://www.fda.gov/cdrh/modact/leastburdensome.html

You may not market this device until you have provided adequate information described above
and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing you to do
so. If you market the device without conforming to these requirements, you will be in violation
of the Federal Food, Drug, and Cosmetic Act (Act). You may, however, distribute this device for
investigational purposes to obtain clinical data if needed to establish substantial equivalence.
Clinical investigations of this device must be conducted in accordance with the investigational
device exemption (IDE) regulations.

If the information, or a request for an extension of time, is not received within 30 days, we will
consider your premarket notification to be withdrawn and your submission will be deleted from

'953
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Page 3 - Richard W. Treharne, Ph.D.

our system. If you submit the requested information after 30 days it will be considered and
processed as a new 5 10(k); therefore, all information previously submitted must be resubmitted
so that your new 5 10(k) is complete. Please note our guidance document entitled, "Guidance for
Industry and FDA Staff FDA and Industry Actions on Premarket Notification (5 10(k))
Submissions: Effect on FDA Review Clock and Performance Assessment". The purpose of this
document is to assist agency staff and the device industry in understanding how various FDA and
industry actions that may be taken on 5 1 0(k)s should affect the review clock for purposes of
meeting the Medical Device User Fee and Modernization Act. You may review this document at
lhttp://www.fda.~zov/cdrlh/mdufma/g~uidance/1 219.html.

The requested information, or a request for an extension of time, should reference your above
5 10(k) number and should be submitted in duplicate to:

Food and Drug Administration
Center for Devices and

Radiological Health
Document Mail Center (HFZ-401)
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have any questions concerning the contents of the letter, please contact Jonathan Peck at
(301) 594-2036, extension 122. If you need information or assistance concerning the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toll-free number (800) 638-2041 or at (301) 443-6597, or at its Internet address
http://www.fda.gov/cdrh/industrv/sui)port/index.html.

Sincerely yours,

Mark N. Melkerson
Director
Division of General, Restorative

and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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Medtronic Sofamor Danek, Inc. APR - 5
c/o Richard W. Treharne, Ph.D.
Senior Vice President, Regulatory Affairs
1800 Pyramid Place
Memphis, Tennessee 38132

Re: K060415
Trade Name: SATELLITE Spinal System
Dated: February 16, 2006
Received: February 17, 2006

Dear Dr. Treharne:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above. We cannot determine if the device is substantially equivalent to a legally
marketed predicate device based solely on the information you provided. To complete the review
of your submission, we require that you address the following items:

1. You propose the addition of spheres manufactured from PEEK-OPTIMA LT I to the Satellite
Spinal System. This system has unique geometry as compared to other legally marketed
fusion devices and you have not provided clinical information on the safety and effectiveness
of this device as an adjunct to fusion. You have provided data from two bench tests,
subsidence and push-out, which demonstrate that the PEEK Satellite Spinal System performs
differently from the cobalt chrome predicate. The overall effect that this change in material
could have on the performance of the Satellite Spinal System is not well understood and
therefore cannot be fully described pre-clinically. Given our limited understanding of how
this device will perform in vivo, we believe clinical data are necessary to assess the affect this
material change will have on the performance of the device. Therefore, please provide
clinical data that demonstrates equivalence in terms of safety and effectiveness of the PEEK
Satellite Spinal System for the indication sought. Please be advised that 'prior to initiating a
clinical trial in the United States you must submit an investigational device exemption (IDE)
application for review by the FDA.

2. You have provided results of subsidence testing and push-out testing of your worst case
PEEK device. The PEEK device exhibited a higher subsidence load and a higher push-out
load than the predicate cobalt chrome device. We believe that these two tests do not fully
pre-clinically address all of the potential risks that are associated with changing the device
material from cobalt chrome to PEEK. The PEEK device could fail at low compression loads
(static and fatigue) as compared to a legally marketed predicate device. In addition, the
PEEK device could be subject to wear. Therefore, please:

viC3
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Page 2 - Richard W. Treharne, Ph.D.

a. Provide results of static and dynamic compression testing of the worst case PEEK
device. Please compare the results of these tests to a legally marketed predicate
fusion device and provide a physiologic justification showing that the strength
exhibited by the device in static compression and compression fatigue is adequate.

b. Provide results of wear testing on the worst case PEEK device. This test should
mimic abrasion of the vertebral endplates against the device under worst case
physiological loads and motions. If your device produces an excessive amount of
wear, you may need to perform an animal study to demonstrate that the amount, size
and morphology of the PEEK wear debris is acceptable. However, if the device
produces minimal wear, you may be able to validate the results with the literature.

3. You state that the subject devices are manufactured from PEEK-OPTIMA LT I and tantalum.
However, you have not provided any specific information on the materials. Please provide
the manufacturer of the materials and any standards to which the materials conform. Please
identify a predicate device which utilizes these same materials in the spine. Then please
describe if you have made any changes in manufacturing techniques used in the predicate that
could potentially affect the biocompatibility or material properties of the device.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your 5 10(k) submission can be successfully completed. In developing the
deficiencies, we carefully considered the statutory criteria as defined in Section 51 3 (i) of the
Federal Food, Drug, and Cosmetic Act for determining substantial equivalence of your device.

We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center web page at:
http://www.fda.gov/cdrlt/modact/leastburdensome.html

You may not market this device until you have provided adequate information described above
and required by 21 CFR 807.87(1), and you have received a letter from FDA allowing you to do
so. If you market the device without conforming to these requirements, you will be in violation
of the Federal Food, Drug, and Cosmetic Act (Act). You may, however, distribute this device for
investigational purposes to obtain clinical data if needed to establish substantial equivalence.
Clinical investigations of this device must be conducted in accordance with the investigational
device exemption (IDE) regulations.

If the information, or a request for an extension of time, is not received within 30 days, we will
consider your premarket notification to be withdrawn and your submission will be deleted from

I ¾(
FOI - Page 23 of 216



DEPARTMENT OF HEALTH AND HUMAN SERVICES

Page 3 - Richard W. Treharne, Ph.D.

our system. If you submit the requested information after 30 days it will be considered and
processed as a new 5 10(k); therefore, all information previously submitted must be resubmitted
so that your new 5 10(k) is complete. Please note our guidance document entitled, "Guidance for
Industry and FDA Staff FDA and Industry Actions on Premarket Notification (5 10(k))
Submissions: Effect on FDA Review Clock and Performance Assessment". The purpose of this
document is to assist agency staff' and the device industry in understanding how various FDA and
industry actions that may be taken on 5 1 0(k)s should affect the review clock for purposes of
meeting the Medical Device User Fee and Modernization Act. You may review this document at
hittp://www.fda.Q!ov/cdrh/mndufma/guidance/ 121.9.htmil.

The requested informiation, or a request for an extension of time, should reference your above
5 10(k) number and should be submitted in duplicate to:

Food and Drug Administration
Center for Devices and

Radiological Health
Document Mail Center (HFZ-40 1)
9200 Corporate Boulevard
Rockville, Maryland 20850

If you have any questions concerning the contents of the letter, please contact Jonathan Peck at
(301) 594-2036, extension 122. If you need information or assistance concerning the IDE
regulations, please contact the Division of Small Manufacturers, International and Consumer
Assistance at its toll-free number (800) 638-2041 or at (301) 443-6597, or at its Internet address
http://www.fda.gov/cdrhi/induistrv/suo~port/index.html.

Sincerely yours,

1701
Mark N. Melkerson
Director
Division of General, Restorative

and Neurological Devices
Office of Device Evaluation
Center for Devices and

Radiological Health
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cc: HFZ-401 DMC
HFZ-404 5 10(k) Staff
HFZ- Division
D.O.

f/t:JHP:tlm:4-3-06
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
Center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-4OI)
9200 Corporate Blvd.February 17, 2006 Rockville, Maryland 20850

MEDTRONIC SOFAMOR DANEK 510(k) Number: K060415
1800 PYRAMID PLACE Received: 17-FEB-2006
MEMPHIS, TN 38132 Product: MODIFICATION TO:
ATTN: RICHARD TREHARNE SATELLITE SPINAL

SYSTEM

The Food and Drug Administration (FDA), Center for Devices
and Radiological Health (CDRH), has received the Premarket Notification you
submitted in accordance with Section 510(k) of the Federal Food, Drug, and
Cosmetic Act(Act) for the above referenced product. We have assigned your
submission a unique 510(k) number that is cited above. Please refer
prominently to this 510(k) number in any future correspondence that relates
to this submission. We will notify you when the processing of your premarket
notification has been completed or if any additional information is required.
YOU MAY NOT PLACE THIS DEVICE INTO COMMERCIAL DISTRIBUTION UNTIL YOU RECEIVE
A LETTER FROM FDA ALLOWING YOU TO DO SO.

On May 21, 2004, FDA issued a Guidance for Industry and FDA Staff entitled,
"FDA and Industry Actions on Premarket Notification (510(k)) Submissions:
Effect on FDA Review Clock and Performance Assessment". The purpose of this
document is to assist agency staff and the device industry in understanding
how various FDA and industry actions that may be taken on 510(k)s should
affect the review clock for purposes of meeting the Medical Device User Fee
and Modernization Act. Please review this document at
http://www.fda.gov/cdrh/mdufma/guidance/1219.html. On August 12, 2005 CDRH
issued the Guidance for Industry and FDA Staff: Format for Traditional and
Abbreviated 510(k)s. This guidance can be found at
http://www.fda.gov/cdrh/ode/guidance/1567.html. Please refer to this
guidance for assistance on how to format an original submission for a
Traditional or Abbreviated 510(k).

Please remember that all correspondence concerning your submission MUST be
sent to the Document Mail Center (DMC)(HFZ-401) at the above letterhead address.
Correspondence sent to any address other than the one above will not be
considered as part of your official premarket notification submission. Also,
please note the new Blue Book Memorandum regarding Fax and E-mail Policy
entitled, "Fax and E-Mail Communication with Industry about Premarket Files
Under Review". Please refer to this guidance for information on current fax
and e-mail practices at www.fda.gov/cdrh/ode/a02-Ol.html.

You should be familiar with the regulatory requirements for medical device
available at Device Advice http://www.fda.gov/cdrh/devadvice/". If you have
other procedural or policy questions, or want information on how to check
on the status of your submission, please contact DSMICA at (301) 443-6597 or
its toll-free number (800) 638-2041, or at their Internet address
http://www.fda.gov/cdrh/dsmamain.html or me at (301)594-1190.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Office of Device Evaluation
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Forn Approved OMB No N0TI-51 I Expliation Date: August 3). 2005 See I n.mnlctio f r 0MB Statement

DEPARTMENT OF HEALTH AND HUMAN SERVICESFODEPARMNT OFUG HEAMINSTHANDT N SERVICES PAYMENT IDENTIFICATION NUMBER: MD6024027-956733FOOD AND DRUG ADMINISTRATION
MEDICAL DEVICE USER FEE COVER SHEET Write the Payment Identification number on your check.

' mpleted Cover Sheet must accompany each original application or supplement subject to fees. The following actions must be taken
)perly submit your application and fee payment:

I. Electronically submits the completed Cover Sheet to the Food and Drug Administration (FDA) before payment is sent.
2. Include printed copy of this completed Cover Sheet with a check made payable to the Food and Drug Administration. Remember that

the Payment Identification Number must be written on the check.
3. Mail Check and Cover Sheet to the US Bank Lock Box, FDA Account, P.O. Box 956733, St. Louis, MO 63195-6733. (Note: In no case

should payment be submitted with the application.)
4. If you prefer to send a check by a courier, the courier may deliver the check and Cover Sheet to: US Bank, Attn: Government Lockbox

956733, 1005 Convention Plaza, St. Louis, MO 63101. (Note: This address is for courier delivery only. Contact the US Bank at 314-
418-4821 if you have any questions concerning courier delivery.)

5. For Wire Transfer Payment Procedures, please refer to the MDUFMA Fee Payment Instructions at the following URL:
http:/Iwww.fda.gov/cdrh/mdufma/faqs.html#3a. You are responsible for paying all fees associated with wire transfer.

6. Include a copy of the complete Cover Sheet in volume one of the application when submitting to the FDA at either the CBER or
CDRH Document Mail Center.

'-> 2. CONTACT NAME
1. COMPANY NAME AND ADDRESS (include name, street Richard Treharne
address, city state, country, and post office code)

2.1 E-MAIL ADDRESS
MEDTIRONIC SOFAMOR DANEK rick.treharne@medtronic.com
1800 PYRAMID PLACE 2.2 TELEPHONE NUMBER (include Area code)
MEMPHIS TN 38132 901-344-1124
US 2.3 FACSIMILE (FAX) NUMBER (Include Area code)

1.1 EMPLOYER IDENTIFICATION NUMBER (EIN) 901-346-9738
621483635

3. TYPE OF PREMARKET APPLICATION (Select one of the following in each column; if you are unsure, please refer to the application
descriptions at the following web site: http://www.fda.gov/dc/mdufma

Select an application type: 3.1 Select one of the types below
[X] Premarket notification(51 0(k)); except for third party [X] Original Application

ologics License Application (BLA) Sup-plement Types:
remarket Approval Application (PMA) [ I Efficacy (BLA)

[ Modular PMA [ Panel Track (PMA, PMR, PDP)
[]Product Development Protocol (PDP) [ ]Real-Time (PMA, PMR, PDP)
[]Premarket Report (PMR) [ 180-day (PMA, PMR, PDP)

4. ARE YOU A SMALL BUSINESS? (See the instructions for more information on determining this status)
[]YES, I meet the small business criteria and have submitted the required [X] NO, I am not a small business

qualifying documents to FDA
4.1 If Yes, please enter your Small Business Decision Number:

5. IS THIS PREMARKETAPPLICATION COVERED BY ANY OF THE FOLLOWING USER FEE EXCEPTIONS? IF SO, CHECK THE
APPLICABLE EXCEPTION.
[ I This application is the first PMA submitted by a qualified small business, The sole purpose of the application is to support

including any affiliates, parents, and partner firms conditions of use for a pediatric population
[ ] This biologics application is submitted under secion 351 of the Public [ I The application is submitted by a state or federal
Health Service Act for a product licensed for further manufacturing use only government entity for a device that is not to be distributed

commercially

6. IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES WERE WAIVED DUE TO SOLE USE IN A
PEDIATRIC POPULATION THAT NOW PROPOSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application is
subject to the fee that applies for an original premarket approval application (PMA).)

[ ] YES [XI NO
7. USER FEE PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET APPLICATION (FOR FISCAL YEAR 2005)

$3,833.00 23-Dec-2005
Form FDA 8601 (08/2003)

-se Window)

Print Cover sane et

https://fdasfinapp8 .fda.gov/OA_H-TML/mdufmaCScdCfgltemsPopup~jsp?vcname=Richard%2OTreharne...12/23/2005
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CDRH SUBMISSION COVER SHEET
Date of Submission: 2-16-06 FDA Document Number:

S-tfion A Type of Submission

PMVA PMA Supplement PDP 510(k) Meeting
U- Pre-IDE mtg.

U Regular Ul Presubmission Summary Original Submission: Ul Pre-PMA mtg.Original Submission U Special U- Original PDP Traditional U Pre-PDP mtng.U- Modular U Panel Track U Notice of intent to start X Special U` 180-Day mtg.
Submission U 30-day Supplement clinical trials U Abbreviated U- Other (specify):

U Amendment Ul 30-day Notice U- Intention to submit U- Additional
U Report Ul 135-day Supplement Notice of Completion Information:
U1 Report Ul Real-time Review U Notice of Completion El Traditional

Amendment Ul Amendment to PMA U- Amendment to PDP U Special
Supplement U] Report U- Abbreviated

U Report Amendment

IDE Humanitarian Device Class It Exemption Evaluation of Other Submission
Exemption Automatic Class III

U- Original submission U Original submission U- Original Submission Designation Describe
Ul Amendment U Amendment Ul Additional Information Submission:
U Supplement Ul Supplement U Original Submission

Ul Report Ul Additional Information

ion B Applicant or Sponsor

Company/institution Name: Medtronic Sofamor Danek Establishment registration number: 1030489

Division Name (if applicable): Phone number (include area code): (901) 396-3 133

Street Address: 1800 Pyramid Place Fax number (include area code): (901) 346-9738

City: State/Province: Zip code: Country: USA
Memphis TTN 38132

Contact Name: Richard Treharne

Contact Title: Sr. Vice President Regulatory Affairs Contact e-mail address: rtrehame~sofamordanek.com

section C Submission Correspondent (if different from above)

Company/Institution Name: Establishment registration number:

Division name (if applicable) Phone number (include area code):

St Address: Fax number (include area code):

City: State/Province Zip Code: Country

Contact Name:
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cection DI Reason for Submission - PMA,PDP, or HDE

[ New Device [I Change in design, component, or specification: [ Location Change:
[] Withdrawal [] Software 3 Manufacturer
[ Additional or Expanded Indications [ Color Additive 3 Sterilizer
[ Licensing Agreement [I Material -I Packager

El Specifications [] Distributor
S Other (specify below)

S Processing Change:
S Manufacturing El Labeling Change: [I Report Submission:
[] Sterilization [I Indications [3Annual or Periodic
S Packaging [] Instructions El Post Approval Study
[] Other (specify below) El Performance Characteristics El Adverse Reaction

El Shelf Life S Device Defect

El Response to FDA correspondence: [] Trade Name [I Amendment
S Request for applicant hold El Other (specify below)_
S Request for removal of applicant hold
El Request for extension El Change in Ownership
[] Request to remove or add manufacturing site El Change in correspondent

El Other Reason (specify):

Section D2 Reason for Submission - IDE

I New device Change in: S Response to FDA letter concerning:
] Addition of institution El Correspondent [ Conditional approval
IS] Expansion/extension of study U Design [] Deemed approval

] IRB certification U Informed consent [] Deficient final report
IS] Request hearing U Manufacturer [ Deficient progress report
] Request waiver U Manufacturing process S Deficient investigator report
El Termination of study U Protocol - feasibility S Disapproval
IS] Withdrawal of application U Protocol - other [] Request extension for time to
S] Unanticipated adverse effect S Sponsor respond to FDA
S Notification of emergency use [] Request meeting
S Compassionate use request S Report Submission:
S Treatment IDE •Current investigator
[] Continuing availability request [] Annual progress

[] Site waiver limit reached
[] Final

[] Other reason (specify):

Section D3 Reason for Submission - 510(k)

New Device S Change in technology X Change in materials
El Additional or expanded indications [] Change in design [] Change in manufacturing process
Other reason (specify):
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Section E Additional Information on 510(k) Submissions

Juct codes of devices to which substantial equivalence is claimed: Summary of, or statement concerning safety and
effectiveness data:

2 3 4 X 510(k) summary attached

6 7 8 E-[ 5 10(k) statement

Information on devices to which substantial equivalence is claimed:

510(k) Number Trade of Proprietary or model name Manufacturer

I Exempt I Harmon Spinal Spheres (Pre-enactment Device) I Austenal Company, Surgical Products

!K051320 2 SATELLITE Spinal System 2 Medtronic Sofamor Danek

3 3 3

4 4 4

5 5 5

6 6 6

Section F Product Information - Applicable to All Applications

Common or usual name or classification name:
I Interlaminal Fixation Orthosis

Trade or proprietary or model name Model Number

I SATELLITETM Spinal System 1

2 2

3 3

4 4

5 5

FDA document numbers of all prior related submissions (regardless of outcome):

K041045 2 K051320 3 4 5 6

7 8 9 10 11 12

Data included in submission: [] Laboratory Testing [] Animal Trials L] Human Trials

Section G Product Classification - Applicable to All Applicants

> -Juct code: NVR C.F.R. Section Pre-amendment Device Device Class:
Class I Class i1 X

Classification Panel: General, Restorative and Neurological Device El Class III El Unclassified

Indications (from labeling): Please see attached indications sheet
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Note: Submission of this information does not affect the need to submit a 2891 or 2891a FDA Document Number:
Device Establishment Registration form.

Section H Manufacturing/Packaging/Sterilization Sites Relating to a Submission

E Original FDA establishment registration number: X Manufacturer E--Contract Sterilizer
Add E] Delete 1824199 El Contract Manufacturer [] Repackager/relabeler

Company/Institution name: Establishment registration number: 1824199

Division name (if applicable): Medtronic Sofamor Danek MFG (aka Phone number (include area code): 219-267-6826

Street address: FAX number (include area code):

City Warsaw State/Province: IN Zip code: 46582 Country US

Contact name:

Contact title: Contact e-mail address:

[] Original FDA Establishment registration number: X Manufacturer [] Contract Sterilizer
[] Add El Delete [] Contract Manufacturer [] Repackager/relabeler

Company/Institution Name: Establishment registration number:

Division name (if applicable): Phone number (include area code):

Street address: FAX number (include area code):

City: State/Province: Zip code: Country:

Contact name:

Contact title: Contact e-mail address:

[] Original FDA Establishment registration number: [] Manufacturer ElContract sterilizer
El Add [] Delete El Contract Manufacturer •Repackager/relabeler

Company/Institution name: Establishment registration number:

Division name (if applicable): Phone number (include area code):

Street address: FAX number (include area code):

('"'~:, State/Province: Zip code: Country:

Contact name:

Contact title: Contact e-mail address:
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CONFIDENTIAL

February 16, 2006

Document Control Clerk
Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Document Mailing Center (HFZ-40 1)
9200 Corporate Blvd., Room 20N
Rockville, Maryland 20850

Re: Special 510(k): Device Modification
Medical Specialty: General and Restorative and Neurological Device
Legally Marketed Device: SATELLITE® Spinal System (K051320)

Dear Document Control Clerk:

This letter and two copies are being submitted as a Special 510(k) to modify a previously cleared

SATELLITE® Spinal System (K05 1320, SE 09/09/05). The purpose of this 5 10(k) is to modify

the device by changing the material from cobalt chrome to medical grade PEEK-OPTIMA LTI.

From a regulatory point of view, we regard the subject SATELLITE® device to be substantially

equivalent to the predicate SATELLITE® device. This application is being submitted in

accordance with the CDRI-'s final guidance on the "New 5 10(k) Paradigm; Alternate

Approaches to Demonstrating Substantial Equivalence in Premarket Notifications."

We believe the products described in this submission are insignificant changes in design to

similar types of categories of products previously cleared by the agency for Medtronic Sofamor

Danek or its predecessors. The intended use and materials used to make the products have

previously been cleared by the agency. From a regulatory point of view, we believe the subject

components are substantially equivalent' to the aforementioned "legally marketed" and/or pre-

amendment spinal fixation devices, including the previously cleared SATELLITE® Spinal

The term "substantially equivalent" is used here as required and defined under the Federal Food, Drug,
and Cosmetic Act and refers to the fuinction and result of the predicate devices. Such a claim or final
determination of "substantial equivalence" is not intended to have any bearing whatsoever on the resolution
of patent infringement suits or other patent matters, if any issues exist or arise in the future. (See Federal
Register, Vol. 42, No. 163, Aug. 23, 1977, page 42525 and 42529.)
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System. We are submitting this pre-market notification for non-regulatory business reasons or in
case the agency disagrees with our position.

Background Information

As previously stated, the FDA cleared a cobalt chrome version of the SATELLITE® Spinal
System in K051320. At the time of the original filing, agency representatives stated that the
initial application would be limited to devices manufactured from cobalt chrome, the material
used to produce the pre-enactment Harmon Sphere device. However, the agency stated that once
clearance was obtained subsequent submissions could be filed in order to change certain aspects

of the device, including the material.

Historically, modifying pre-amendment devices that have subsequently been cleared through the
510(k) process is a recognized and accepted practice. Examples of such practices can be found

within the Medtronic Sofamor Danek 510(k) files.

On March 20, 1998 the FDA declared the TOWNLEY® Pedicle Screw Plating System
(K970599) to be substantially to a pre-amendment device. The original TOWNLEY® devices
were manufactured from medical grade stainless steel. Eight months later the FDA granted
Medtronic Sofamor Danek clearance of a titanium version of the product in K983706 (SE
11/12/98). Therefore, the agency has indeed established a precedent of allowing material changes

to pre-amendment devices.

It should be noted that the TOWNLEY® Pedicle Screw Plating System received clearances for
much broader pedicle screw indications, than the subject device. Included in the TOWNLEY®
device clearance is the indication for degenerative disc disease, which is considered by the
agency to be a Class III indication. The indications for the subject device are much more narrow

and do not fall into the Class III category.

The FDA has granted clearances to six 5 10(k) applications seeking modifications to the original
TOWNLEY® Pedicle Screw Plating Systems other than the aforementioned material change.
These modifications have included the addition of cannulated screws, cortical bone screws,
plates, and modified plate rings. Given the extensive nature of these changes, it is evident that the
agency has established a precedent of allowing modifications to pre-amendment devices once
they have obtained an initial 510(k) clearance. In the case of this submission, we are not seeking

00040;
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any design changes with the exception of offering the device in an alternative material; a material

that is commonly used in the manufacturing of spinal devices.

We have conducted a risk analysis and through the necessary verification and validation

activities have determined that the design outputs of the modified device meet the design input

requirements. In Attachment 1 we provide a Summary of Design Control Activities meeting the

"Special 5 10(k) Device Modification" requirements. The proposed modifications do not affect

the device's intended use or alter the device's fundamental scientific technology.

(a) Device Name

Common or Usual Name: Solid Sphere
Proposed Proprietary or Trade Name: SATELLITE® Spinal System

(b) Manufacturing Facility
Medtronic Sofamor Danek Deggendorf
WerfstraBe 17
Deggendorf, GimBh
Warsaw Orthopedic, Inc. (also known as)
Medtronic Sofamor Danek Manufacturing, Inc.
2500 Silveus Crossing
Warsaw, Indiana 465 82
Telephone: 219-267-6801

(c) Establishment Registration Number

1030489 Medtronic Sofamor Danek Inc., USA
3003006544 Medtronic Sofamor Danek Deggendorf, GmBh
1824199 Warsaw Orthopedic, also known as Medtronic Sofamor Danek Manufacturing,
Inc. (For reference only)

(d) Classification

Regulatory Class: Unclassified
Product Code: NVR
Regulation Number: Pre-amendment

(e) Performance Standards.

We are unaware of any performance standards for this product presently.

(fl Labeling

A sample label is provided in Attachment 2. A draft package insert is provided in
Attachment 3. This labeling is identical to that provided in the previously cleared

00~ ,000.
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submission KO051320. The electronic labeling provision (Section 206) in the recently

enacted MDUFMA law (Medical Device User Fee and Modernization Act of 2002) says:
Section 50269 of the Federal Food, Drug, and Cosmetic Act (21 US.C. 352W) is

amended by adding at the end the following:- 'Required labeling for prescription devices

intended for use in health care facilities may be made available solely by electronic

means provided that the labeling complies with all applicable requirements of law and,

that the manufacturer affords health care facilities the opportunity to request the

labeling in paper form, and after such request, promptly provides the health care facility

the requested information without additional cost.' Therefore, MSD reserves the right at
a later date not to include a hard copy of a package insert such as shown in Attachment

3 with every component described in this 5 10(k), but rather to instead include multiple

language versions of sentences similar to: 'For the latest important medical information

about this system including indications, contraindications, warnings, and precautions,

use the internet to see an electronic version of this labeling information by going to

www.xxxxxxxxxxx If a copy of this labeling is needed in paper form, please contact the
company at _____ or call ___ and a hard copy will be provided promptly

without additional cost'."

(g) Similarities and Differences

The subject SATELLITE® device is identical to the predicate SATELLITE® device

with the exception of the material used to manufacture the device. Table 1 summarizes

these similarities and differences.

Table 1. Summary Cornparison of Subject to Predicate Device
Predicate SATELLITE® device Subject SATELLITE® device

Intended Use/Indications ~for use~ To help provide stabilization and to help Identical
promote intervertebral body fuision. This
internal fixation device is intended for, and
designed solely for holding bone parts in
alignment while they heal.

Im lant Size Range 9.5mm - 19mm Inclusive - 10Onmm- 16mm
Levels of attachment L3-SI Identical
Surgical technique Anterior Approach Identical
Material Cobalt Chrome PEEK-OPTIMA LT1I/ Tantalum
Sterilization Method Gamma Identical
Fundamental Scientific ~Tech. Spherical ~implant inserted into the -disc Identical

(h) Sft n fetvns

The modifications to the subject SATELLITE® implants included in this submission are

minor and do not affect the safety or effectiveness of the SATELLITE® Spinal System.

U, f, O75
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Mechanical testing (subsidence and push-out) referenced in the Risk Analysis

(Attachment 1) has demonstrated that the subject device outperformed the predicate

SATELLITE® device in both test methods. The results are summarized in Table 2,

while the complete test report is provided in Attachment 1 of this submission. It should

be noted that side-by-side testing was performed on the 10mm SATELLITE® spheres,

although a smaller (9.5mm) cobalt chrome implant was previously cleared. At this time

the smallest PEEK size we wish to obtain clearance for is the 10mm sphere, therefore,

we considered it appropriate to compare identical sizes.

Table 2. Test Result Comparison of Subject to Predicate Device
Test Performed (I10mm implants in all Predicate SATELLITE® Cobalt Subject SATELLITE® PEEK

testing) Chrome dvce device
Subsidence Results 718N 756N
Push-out Results 49N 57N

(i) 5 10O(k) Summar

A 5 10O(k) sunimary for FDA distribution upon request is provided in Attachment 4.

0)Substantial Equivalence

The documentation provided within this application demonstrates that the subject PEEK

SATELLITE® device is substantially equivalent to cobalt chrome implants previously

cleared in the SATELLITE® Spinal System 5 10O(k) application.

(k) Truthful and Accurate Statement

A Truthful and Accurate Statement is attached to the end of this cover letter.

(1) Product Numnbers/Engineering Drawings

A complete implant list is provided in Attachment 5 of this submission. The subject

devices appear in bold text, while the previously cleared devices appear in regular text.

The instruments used with this device are general manual surgical instruments and are

therefore considered to be Class I exempt. However, for the sake of completeness a

listing of the instruments is also provided in Attachment 5. Drawings of all subject

devices are provided in Attachment 6 of this submission.
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Indications Statement

In compliance with the form required after January 1, 1996, Attachment 7 contains the

indications for this device.

Confidentiality of Information

The enclosed materials and descriptions contain information that is trade secret or confidential

under 21 CFR 20.61 and not disclosable to the public under the Freedom of Information Act

(FOIA). If you are not able to assure us that the enclosed information will not be disclosed to the

public, we request that this submission be handled by FDA in accordance with 21 CFR 20.44

relating to presubmission reviews. Consequently, until you hear otherwise from us, we ask that

you keep our application for this device confidential. We consider this premarket notification

confidential commercial information. If we disclose this application to anyone except consultants

or employees, we will notify FDA.

If you have any questions regarding this submission, please call Lee Grant or me at (901) 396-

3133. You may also email questions to Lee Grant at lgrant~sofamordanek.com or to me at

rtreharne@sofamordanek.com. Notification of clearance of this 5 10(k), or requests for further

information may be sent to Medtronic Sofamor Danek by fax to me at (901) 346-9738.

Sincerely,

Richard W. Treharne,
Sr. Vice President, Regulatory Affairs
Attachments

O-DU(, ,1
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Medtronic Sofamor Danek

1800 Pvralid Ilace

Mt'mphis, TN 38132

SOFAMOR DANEK tel 9013%93133
[x )01.346.9738
lo] 8008763133

Regulatory Affairs Department

Truthful and Accurate Statement

[As Required by 21 CFR 807.87(k)]

I certify that, in my capacity as Senior Vice President of Regulatory

Affairs, at Medtronic Sofamor Danek, I believe to the best of my

knowledge, all data and information submitted in this premarket

notification is truthful and accurate and that no material fact has been

omitted.

Richard W. Treharne, Ph.D. Date

Senior Vice President Regulatory Affairs

*(Premarket Notification [510(k)] Number

TFor a new submission, leave the 510(k) number blank.

(: ~2: ) *
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Attachment 1

Declaration of Conformidty with Design Controls
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Summary of Design Control Activities for the modified components
of the SATELLITE® Spinal System

In this summary, we provide appropriate supporting data of design control
activities within the meaning of §807.87(g). This summary includes the
following:

* An identification of the Risk Analysis methods used to assess the impact
of the modification on the device and its components as well as the results
of the analysis:

A Failure Mode and Effects Analysis was performned to identify possible
hazards associated with the modified features of the SATELLITE® Spinal
System. A summary of this analysis is included in this Summary of
Design Control Activities.

* An identification, based on the Risk Analysis, of the verification and/or
validation activities performed, including methods or tests used and the
acceptance criteria applied.

Based on the possible hazards identified in the Failure Mode and Effects
Analysis, design verification was performed. A summary of this Design
Verification is included in this Summary of Design Control and identifies
the particular methods of verification used. These verification activities
demonstrate that the possible risks identified are acceptable for the failure
mode.

* A declaration of conformity with design controls

The Declaration of Conformity is provided in this Summary of Design
Control.

QQFJt 0''
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Declaration of Conformity with Design Controls

Design Validation

As required by risk analysis, all verification and validation activities for this submission
were performned by the designated individual(s) and the results demonstrated that the
predetermined acceptance criteria were met. Additional testing above and beyond the
required verification / validation activities included to establish equivalence to the
predicate device may be performed in the future for internal purposes.

F~~~z CK , 2CQv

Frank Bono Date

Vice President, Development

Manufacturing Facility

The Medtronic Sofamor Danek manufacturing facility is in conformance with the design
control procedure requirements as specified in 21 CFR 820.30, and the records are
available for review.

Ut~~~~~~~~2t
Tom Slagle Date

Sr. Manager, Quality Engineering

o C G o
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§Medtionic
SOFAMOR DANEK

Design Verification Test Report

TR06-329

Subsidence and Push-out Testing of 10 mm CoCr and PEEK Satellite Implants

Testing Performed by 

Prepared By: 

Reviewed By: 

Approved By: 

0 0 '6L
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Attachment 2

Sample Label
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Attachment 3

Draft Package Insert

~oGDo,25 Iq(

FOI - Page 58 of 216



DRAFT CONFIDENTIAL

SATELLITE® Spinal System
PRODUCT DESCRIPTION:

The SATELLITE®K Spinal System is a spherical implant designed to hold bone pants in alignment while they heal

in order to promote interbody fusion. These spheres may be placed between to vertebral bodies into the disc space.

This system is limited to L3-SL. The device is fabricated from cobalt chrome. Alternatively, the device may be

manufactured from PEEK-OPTIMA LT I with TANTALUM markers. The system may be supplied sterile or non-

sterile. The SATELLITE® implants are single-use implants and should never be reused under any circumstances.

No warranties, express or implied, are made. Implied warranties of merchantability and fitness for a particular

purpose or use are specifically excluded. See the MSD Catalog and/or or pricelist for farther information about

warranties and limitations of liability. Only a physician who is thoroughly familiar with the surgical aspects

involved in this procedure, as well as its mechanical and material applications and limitations should use the

product.

Indications for Use: The SATELLITE® Spinal System is intended to be inserted between the vertebral bodies

into the disc space from L3 to SI to help provide stabilization and to help promote intervertebral body fusion. This

internal fixation device is intended for, and designed solely for holding bone parts in alignment while they heal.

The SATELLITE® Spinal System is intended to be used with bone graft.

CONTRlAINDICATIONS: Contraindications include, but are not limited to:

1 . Active infectious process or significant risk of infection (immunocompromiise)

2. Signs of local inflammation.

3. Fever or leukocytosis.

4. Morbid obesity.

5. Pregnancy.

6. Mental illness.

7. Grossly distorted anatomy caused by congenital abnormalities.

8. Any other medical or surgical condition which would preclude the potential benefit of spinal implant

surgery, such as the presence of congenital abnormalities, elevation of sedimentation rate

unexplained by other diseases, elevation of white blood count (WBC), or a marked left shift in the

WBC differential count.

9. Rapid joint disease, bone absorption, osteopenia, osteomalacia and/or osteoporosis. Osteopenia is a

relative contraindication since this condition may limit the degree of obtainable correction,

stabilization, and/or the amount of mechanical fixation.

10. Suspected or documented metal allergy or intolerance.

FOI - Page 59 of 216



DRAFT CONFIDENTIAL

11. Any case where the implant components selected for use would be too large or too small to achieve a

successfil result.

12. Any case that requires the mixing of metals from two different components or systems.

13. Any patient having inadequate tissue coverage over the operative site, or inadequate bone stock or

quality.

14. Any patient in which implant utilization would interfere with anatomical structures or expected

physiological performance.

15. Any patient unwilling to follow postoperative instructions.

POSSIBLE ADVERSE EVENTS

All of the possible adverse events associated with spinal fusion surgery without instrumentation are possible. With

instrumentation, a listing of potential adverse events includes, but is not limited to:

1. Loosening of the device.

2. Breakage of the device.

3. Foreign body (allergic) reaction to implants, debris, corrosion products (from crevice, fretting, and/or

general corrosion), including metallosis, staining, tumor formation, and/or autoimmune disease.

4. Pressure on the skin from the device in patients with inadequate tissue coverage over the implant possibly

causing skin penetration, irritation, fibrosis, necrosis, and/or pain. Bursitis. Tissue or nerve damage caused

by improper positioning and placement of implants or instruments.

5. Post-operative change in spinal curvature, loss of correction, height, and/or reduction.

6. Infection.

7. Dural tears, pseudomeningocele, fistula, persistent CSF leakage, meningitis.

8. Loss of neurological function, (e.g., sensory and/or motor), including paralysis (complete or incomplete),

dysaesthesias, hyperaesthesia, anesthesia, paraesthesia, appearance of radiculopathy, and/or the development

of pain, numbness, neuroma, spasms, sensory loss, tingling sensation, and/or visual deficits.

9. Cauda equina syndrome, neuropathy, neurological deficits (transient or permanent), paraplegia, paraparesis,

reflex deficits, irritation, arachnoiditis, and/or muscle loss.

10. Urinary retention or loss of bladder control or other types of urological system compromise.

11. Scar formation possibly causing neurological compromise or compression around nerves and/or pain.

12. Fracture, microfracture, resorption, damage, or penetration of any spinal bone.

00 00.2,
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13. Herniated nucleus pulposus, disc disruption or degeneration at, above, or below the level of surgery.

14. Cessation of any potential growth of the operated portion of the spine.

15. Loss of or increase in spinal mobility or function.

16. Inability to perform the activities of daily living.

17. Bone loss or decrease in bone density, possibly caused by stress shielding.

18. IHeus, gastritis, bowel obstruction or loss of bowel control or other types of gastrointestinal system

conipronise.

19. Hemorrhage, hemnatorna, occlusion, seroma, edema, hypertension, embolism, stroke, excessive bleeding,

phlebitis, wound necrosis, wound dehiscence, damage to blood vessels, or other types of cardiovascular

system compromise.

20. Reproductive system compromise, including sterility, loss of consortium, and sexual dysfunction.

21. Development of respiratory problems, e.g. pulmonary embolism, atelectasis, bronchitis, pneumonia etc.

22. Change in mental status.

23. Death.

Note: Additional surgery may be necessary to correct some of these potential adverse events.

WARNINGS: A successful result is not always achieved in every surgical case. This fact is especially true in

spinal surgery where many extenuating circumstances may compromise the results. Preoperative and operating

procedures, including knowledge of surgical techniques, good reduction, and proper selection and placement of the

implants are important considerations in the successful utilization of the system by the surgeon. It should be

known that in some cases, use of this implant might not result in fusion. Further, the proper selection and

compliance of the patient will greatly affect the results. Further, the proper selection and compliance of the patient

will greatly affect the results. Patients who smoke have been shown to have an increased incidence of non-unions.

These patients should be advised of this fact and warned of this consequence. Obese, malnourished, and/or

alcohol abuse patients are also poor candidates for spine fusion. Patients with poor muscle and bone quality and/or

nerve paralysis are also poor candidates for spine fusion.

PHYSICIAN NOTE: Although the physician is the learned intermediary between the company and the patient,

the important medical information given in this document should be conveyed to the patient.

CAUTION: FEDERAL LAW (USA) RESTRICTS THESE DEVICES TO SALE BY OR ON THE ORDER

OF A PHYSICIAN.
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Other preoperative, intraoperative, and postoperative warnings and precautions are as follows:

THE SAFETY AND EFFECTIVENESS OF THIS DEVICE FOR USE IN MOTION SPARING, NON-

FUSION PROCEDURES HAS NOT BEEN ESTABLISHED.

Implant Selection: The selection of the proper size of the implant for each patient is crucial to the success of the

procedure. Unless great care is taken in patient selection, proper placement of the implant, and postoperative

management to minmirze stresses on the implant, such stresses may cause metal fatigue and consequent breakage,

or loosening of the device before the healing process is complete, which may result in further injury or the need to

remove the device prematurely.

PREOPERATIVE:

1 . Only patients that meet the criteria described in the indications should be selected.

2. Patient conditions and/or predispositions such as those addressed in the aforementioned contraindications

should be avoided.

3. Care should be used in the handling and storage of the implant component. Implants should not be scratched

or otherwise damaged. Implants and instruments should be protected during storage, especially from

corrosive envirornments.

4. The surgeon should be familiar with the various components before using the equipment and should

personally verify that all pants and necessary instruments are present before the surgery begins. The

SATELLITE®k Spinal System components are not to be combined with the components from another

manufacturer. Different metal types should never be used together.

5. Unless sterile packaged all parts and instruments should be cleaned and sterilized before use. Additional

sterile components should be available in case of an unexpected need.

INTRAOPERATIVE:

1. Any instruction manuals should be carefully followed.

2. At all times, extreme caution should be used around the spinal cord and nerve roots. Damage to the nerves

will cause loss of neurological functions.

POSTOPERATIVE:

1. Detailed instructions on the use and limitations of the device for the selected indications should be given to

the patient.
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2. Any retrieved devices should be treated in such a manner that reuse in another surgical procedure is not

possible. As with all orthopedic implants, the SATELLITE® Spinal System components should never be

reused under any circumstances.

PACKAGING: Packages for each of the components should be intact upon receipt. If a loaner or consignment

system is used, all sets should be carefully checked for completeness and all components including instruments

should be carefully checked to ensure that there is no damage prior to use. Damaged packages or products should

not be used, and should be returned to Medtronic Sofamor Danek.

CLEANING AND DECONTAMINATION: Unless just removed from an unopened Medtronic Sofamor Danek

package, all instruments and implants must be disassembled (if applicable) and cleaned using neutral cleaners

before sterilization and introduction into a sterile surgical field or (if applicable) return of the product to Medtronic

Sofamor Danek. Cleaning and disinfecting of instruments can be performed with aldehyde-free solvents at higher

temperatures. Cleaning and decontamination must include the use of neutral cleaners followed by a deionized

water rinse.

Note: certain cleaning solutions such as those containing formalin, glutaraldehyde, bleach and/or other alkaline

cleaners may damage some devices, particularly instruments; these solutions should not be used. Also, many

instruments require disassembly before cleaning.

All products should be treated with care. Improper use or handling may lead to damage and/or possible improper

functioning of the device.

STERILIZATION: Unless marked sterile and clearly labeled as such in an unopened sterile package provided by

the company, all implants and instruments used in surgery must be sterilized by the hospital prior to use. Remove

all packaging materials prior to sterilization. Only sterile products should be placed in the operative field. Unless

specified elsewhere, these products are recommended to be steam sterilized by the hospital using one of the three

sets of process parameters below:

METHOD CYCLE TEMPERATURE EXPOSURE TIME

Steam Pre-Vacuum 2700 F (132 0 C) 4 Minutes

Steam Gravity 2500 P (121 0 C) 60 Minutes

Steam* Gravity* 273OF (134 0 C)* 20 Minutes*
NOTE: Because of the many variables involved in sterilization, each medical facility should calibrate and verify

the sterilization process (e.g. temperatures, times) used for their equipment. *For outside the United States, some
non-U.S. Health Care Authorities recommend sterilization according to these parameters so as to minimize the

potential risk of transmission of Creutzfeldt-Jakob disease, especially of surgical instruments that could come into

contact with the central nervous system.
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PRODUCT COMPLAINTS:

Any Health Care Professional (e.g. customer or user of this system of products), who has any complaint or who

has experienced any dissatisfaction in the product quality, identity, durability, reliability, safety, effectiveness

and/or performance, should notify the distributor or MEDTRONIC SOFAMOR DANEK. Further, if any of the

implanted SATELLITETM Spinal System component(s) ever "malfunctions". (i.e., does not meet any of its

performance specifications or otherwise does not perform as intended), or is suspected of doing so, the distributor

should be notified immediately. If any MEDTRONIC SOFAMOR DANEK product ever "malfunctions" and may

have caused or contributed to the death or serious injury of a patient, the distributor should be notified immediately

by telephone, fax or written correspondence. When filing a complaint please provide the component(s) name, part

number, lot number(s), your name and address, the nature of the complaint, and notification of whether a written

report for the distributor is requested.

FURTHER INFORMATION:

If further directions for use of this system are needed, please check with MEDTRONIC SOFAMOR DANEK

Customer Service. If further information is needed or required, please contact:

IN THE USA IN EUROPE
Customer Service Division Tele: 800-876-3133 Medtronic B.V.
Medtronic Sofamor Danekor 901-396-3133 Earl Bakkenstraat 10
1800 Pyramid Place Telefax: 901-396-0356 6422 P J Herleen
Memphis, TN 38132 USA or 901-332-3920 The Netherlands

Tel: + 31 45 566 80 00

©2006 MEDTRONIC SOFAMOR DANEK USA, Inc. All rights reserved.

000031
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Attachment 4

510(k) Summary
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SATELLITETM SPINAL SYSTEM
510(k) Summary
February 2006

I. Company: Medtronic Sofamor Danek
1800 Pyramid Place
Memphis, TN 38132
(901) 396-3133

Contact: Edward S. Chin
Group Director, Clinical and Regulatory Affairs

II. Proprietary Trade Name: SATELLITE"m Spinal System

III. Classification Name: Orthosis, Spinal Intervertebral Fusion, Solid Sphere

IV. Regulation Number: Preamendment Device

V. Product Code: NVR

VI. Product Description

The SATELLITETM Spinal System consists of spheres manufactured from either cobalt

chrome or medical grade PEEK-OPTIMA LTl1, which may be implanted from L3-SlI to

provide temporary stabilization in order to help promote fusion.

VII Indications

The SATELLITETM Spinal System is intended to be inserted between the vertebral

bodies into the disc space from L3 to SI to help provide stabilization and to help

promote intervertebral body fusion. This internal fixation device is intended for, and

designed solely for holding bone parts in alignment while they heal. The SATELLITE TM

Spinal System is intended to be used with bone graft.

VIII Substantial Equivalence

The purpose of this submission was to add PEEK-OPTIMA LTlI spheres with Tantalum

markers to the system. Documentation was provided which demonstrated the subject

SATELLITETM Spinal System devices to be substantially equivalent to the cobalt chrome

SATELLITE TM Spinal System devices previously cleared in K05 1320 (SE 09/09/05).
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Attachment 5

Implant and Instrument List
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Attachment 6

Engineering Drawings
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Attachment 7

Indications of Use Statement
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February 2006

5 1 0(k) Number (if known): ______

Device Name: SATELLITE TM Spinal System

Indications for Use:

The SATELLITE T M Spinal System is intended to be inserted between the vertebral bodies

into the disc space from L3 to SI to help provide stabilization and to help promote

intervertebral body fusion. This internal fixation device is intended for, and designed

solely for holding bone parts in alignment while they heal. The SATELLITE T M Spinal

System is intended to be used with bone graft.

Prescription Use ___X AND/OR Over-The-Counter Use ___

(Part 21 CFRSO01 SubpartDi) (21 CER 807 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF
NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

jCj3 9

-210
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
Food and Drug Administration

Memorandum

From: Reviewer(s) - Name(s) JOOgJLPCC

Subject: 510(k) Number ~ (604 IS/tI

To: The Record - It is my recommendation that the subject 5 10(k) Notification:

El Refused to accept.
El equires additional information (other than refuse to accept).

8is substantially equivalent to marketed devices.5V•

flOther (e.g., exempt by regulation, not a device, duplicate, etc.)

Is this device subject to Section 522 Postmarket Surveillance? DYES NO

Is this device subject to the Tracking Regulation? D YES 0NO
Was clinical data necessary to support the review of this 5 10(k)? NYES 0NO
Is this a prescription device? 0YES El NO

Was this 5 10(k) reviewed by a Third Party? DYES RNO
Special 5 10(k)? DYES aSNO

Abbreviated 5 10(k)? Please fill out form on HDrive 510k/boilers DYES Efl NO

Truthful and Accurate Statement DIRequested 14 Enclosed

RA 510(k) summary OR DA 510(k) statement

XFhe required certification and summary for class III devices

[4 The indication for use form

Combination Product Category (Please see algorithm on H drive 5 10k/Boilers) A.

Animal Tissue Source ElYES FANO Material of Biological Origin 0 YES ONO

The submuitter requests under 21 CFR 807.95 (doesn't apply for Slis):

0No Confidentiality 0 Confidentiality for 90 days C Continued Confidentiality exceeding 90 days

Predicate Plrodclt Code with class: Additional product Code(s) with panel (optional):

Reviewv: _ _ _ _ ? 2?_
(Branch CcO(Bianch Code) (Date)

Final Reiw f DVr
(Division 1D1 ector) (Date*) /(O

Revised :4/2/03
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MEMO RECORD
DATE: December 22, 2006

FROM: Thero e R. Stevens, Supervisory Biomedical Engineer, HFZ-410
TO: The Record, K060415/S002
SUBJECT: Medtronic Sofamor Danek PEEK Satellite Sphere, supervisory review

Common Name: Orthosis, spinal intervertebral fusion, solid sphere
Trade Name: SATELLITETM Spinal System
Class: unclassified
Product Code: NVR
Z 510(k) summary [] 510(k) statement
Z Truth/Accuracy statement
Z Indications for Use: "The SATELLITETM Spinal System is intended to be inserted
between the vertebral bodies into the disc space from L3 to SI to help provide
stabilization and to help promote intervetebral body fusion. This internal fixation device
is intended for, and designed solely for holding bone parts in alignment while they heal.
The SA TELLITETM Spinal System is intended to be used with bone graft."

This device is for prescription use.

Contact/Telephone number: Christine Scifert
Tel: 901.396.3133
Fax: 901.346.9738

Claimed equivalent devices: K051320 - SATELLITE TM Spinal System,

Supervisory recommendation: SU- Substantially Equivalent, with limitations.

Limitation: "The safety and effectiveness of this device for use in motion sparing, non-
fusion procedures has not been established."

Reason for limitation: K051320 received SU letter. Likelihood of off-label use for non-
fusion indications

. Without fusion, device is likely to migrate or be expelled.
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Basis of Recommendation:

Intended Use: See "Indications for Use" above. The indications for use are identical to
those for the CoCr alloy version of the device cleared under K051320.

Device Description: Spheres, 11, 12, 13, 14, 15 or 16mm in diameter (previously-
proposed 10mm sizes removed in this supplement), with a small threaded hole and
counterbore hole for insertion of implantation instrumentation. A small tantalum wire
marker is press-fit above the insertion hole. The dimensions of the spheres are identical
to a subset of the cobalt-chromium alloy SATELLITETM Spinal System cleared under
K051320, which was also available in 9.5, 10, 17, 18 and 19mm diameters. Identical
instrumentation is used for implantation.

Material: PEEK-OPTIMA LTl per ASTM F2026. Material is identical to that of
K021791 VERTE-STACKTM Spinal System. The PEEK SATELLITETM device is also
manufactured at the same site, using the same methods, as the VERTE-STACK. A

Sterilization: Identical processing to PEEK VERTE-STACKTM K023570:
Method: Gamma Sterilization

 

 

 

 

Response to deficiencies (see Al letter dated April 5, 2006 for full text of
deficiencies):

1. Clinical data request

Response: The sponsor states accurately that the geometry of the PEEK devices is
identical to that of the metallic versions. They also point out that several other spinal
implants have been cleared or approved for changes from metal alloys to PEEK, without
the need for clinical data. They also point out that the subsidence and pushout testing
results for are comparable (though slightly superior) for the PEEK vs. CoCr versions of
the device.

Although we do not currently have clinical data for the PEEK version of the
SATELLITETM Spine System, many other implants have been cleared without clinical
data, on the basis of mechanical testing showing adequate mechanical properties for the
physiological loads experienced. Because this device is essentially a solid PEEK sphere,
it can support loads much higher than the surrounding bone. According to the
information provided in support of pre-amendments status for the original Harmon
Sphere predicate, the spheres are expected to subside within several weeks after
implantation. The sponsor has provided bench data showing that, while a slightly higher

k060415 sOOl peek satellite supervisory memo.doc 2/5 12/23/0

FOI - Page 75 of 216

(b) (4)



load was required for subsidence of the 11 mm PEEK spheres compared to CoCr spheres
in foam, the loads were comparable  Pushout testing of the
PEEK spheres was also higher  Based on this testing, and the
successful history of other PEEK spinal devices such as VBR's, I do not believe there is a
reasonable expectation that the PEEK version will migrate or expulse at a higher rate than
the CoCr version of the SATELLITETM system.

2 Compression, wear testing:

Response adequate, per J. Peck memo dated 12/22/06.

3. Identification of specific materials: adequate response, per J. Peck memo dated
12/22/06

Recommendation: SU - Substantially Equivalent, with limitations.

Theodore R. Stevens

3
k060415 sO01 peek satellite supervisory memo~doc 3/5 12/23/0
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"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING
DOCUMENTATION

K060415/S002

Reviewer: Theodore R. Stevens

Division/Branch: DGRND/OSDB

Device Name: SATELLITETM Spinal System

Product To Which Compared (510(K) Number If Known): K051320 - SATELLITETM
Spinal System; K021791 VERTE-STACKTM Spinal System (for material)

YES NO

1. Is Product A Device If NO = Stop

2. Is Device Subject To 5 10(k)? / If NO - Stop

3. Same Indication Statement? / If YES = Go To 5

4. Do Differences Alter The Effect Or Raise If YES = Stop NE
New Issues of Safety Or Effectiveness?

5. Same Technological Characteristics? ' If YES = Go To 7

6. Could The New Characteristics Affect / If YES - Go To 8
Safety Or Effectiveness?

7. Descriptive Characteristics Precise Enough? If NO = Go To 10
If YES = Stop SE

8. New Types Of Safety Or Effectiveness / If YES = Stop NE
Questions?

9. Accepted Scientific Methods Exist? If NO = Stop NE

10. Performance Data Available? ' If NO - Request
Data

11. Data Demonstrate Equivalence? ' Final Decision:
SE

Note: In addition to completing the form on the LAN, "yes" responses to questions 4, 6, 8,
and 1I, and every "no" response requires an explanation.

k060415 sOOl peek satellite supervisory memo.doc 4/5 12/22/0
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EXPLANATIONS TO "YES" AND "NO" ANSWERS TO QUESTIONS ON
PREVIOUS PAGE AS NEEDED

1. Explain why not a device: NOT APPLICABLE

2. Explain why not subject to 510(k): NOT APPLICABLE

3. How does the new indication differ from the predicate device's indication: N/A

4. Explain why there is or is not a new effect or safety or effectiveness issue: NA

5. Describe the new technological characteristics: Subject device is manufactured
from PEEK Optima LT-] polymer instead of cobalt chromium alloy

6. Explain how new characteristics could or could not affect safety or effectiveness:
Biocompatibility, wear, mechanical characteristics could all affect performance

7. Explain how descriptive characteristics are not precise enough: N/A

8. Explain new types of safety or effectiveness questions raised or why the questions
are not new: Biocompatibility, wear, and mechanical strength are all standard
questions for spinal implants.

9. Explain why existing scientific methods can not be used: N/A

10. Explain what performance data is needed:

11. Explain how the performance data demonstrates that the device is or is not
substantially equivalent:

Ip
k060415 s001 peek satellite supervisory memo~doc 5/5 12/22/0
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This e-mail message is intended for the exclusive use of the recipient(s) named above, It may contain information that is protected, privileged, or confidential, and itshould not be disseminated, distributed, or copied to persons not authorized to receive such information. If you are not the intended recipient, any dissemination,distribution or copying is strictly prohibited. If you think you have received this e-mail message in error, please e-mail the sender immediately at
Barbara. Buchtfda. hhs goy

From: Stevens, Ted
Sent: Friday, December 22, 2006 7:15 PM
To: Buch, Barbara D
Cc: Melkerson, Mark N.; Peck, Jonathan H
Subject: K060415 Satellite Spinal System

Barb: I have reviewed Jonathan's memo. I agree that there was not much clinical data initially to support the pre-amendments fusion device, and that we need to be vigilant with these devices regarding off label use. Based on theinformation in the file, and how we have reviewed other PEEK devices, I do not believe there is sufficient concernregarding additional risk of expulsion or migration to ask for clinical data, and am recommending SU (SE withlimitations). I have placed a copy of my supervisory memo in the file on top of Jonathan's memo, and have preparedan SU     

        
   

Copies of the letter and memo are attached, and on the P: drive. << File: K060415 S001 PEEK Satellite supervisorymemo.doc >> << File: K060415 PEEK Satellite SU letter.DOC >>

Theodore R. Stevens
Chief, Orthopedic Spine Devices Branch (OSDB)
Division of General, Restorative & Neurological Devices
Office of Device Evaluation, FDA
(240) 276-3676
(240) 276-3602 (fax)
theodore.stevens~fda.hhs.gov

2
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Julie "Brandi" Stuart
120L - 301-594-1190x144

SE w/Limitations
(SU)

K060415

PRO CODE: NVR

3 Total Submissions:

1 - SE with Limitations (for this same firm)
2 - Under Review

Hi Donna Bea,

I already faxed the firm, since they have received a SU for this
same device type before.

Let me know if you need anything else.

Brandi
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JAN, 3, 2007 5:30PM MFDTRONIC SOFMAMOR DANEK NO. 564 P.

1800 Pyramid Place TELEFAX
Memphis, TN 38132

TeI:901-3992042 Fa: 901-346-0738 TRA N S M I S S I ON

To: ~&&#tc 6 tL&

Fax Number; .2 5to - . 74, - Y/oo9

From: Q/kr*'c~ &k/ Linda C. Baker/ MSD

Date: ,/S/a 7
Subject: CE Lt w,*+L_ / .. ,',' t~-' K'O4O''/<""espo h,..

Total Transmitted Pages: y

Remarks:

[] Urgent [] Reply ASAP [] For Your Review LI Please Comment

Message:

CONFIDENTIALITY NOTICE: The information on this facsimile message is legally privileged and confidential information
intended only for the use of the individual or entity named above. If the reader of this message Is not the intended recipient, you we
hereby notified that any dissemination, distribution or copy of this facsimile message is strictly prohibited. If you have received this
fax in error, please immediately notify us by telephone and return the original message to us at the above address via Air Mail.
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* JAN. 3, 2007 5:30PM MEDTRONIC SOFMAMOR DANEK N0.564" P, 2 z

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heaith Service

Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 208g0

Medtronic Sofamor Danek
% Ms. Christine Scifert
Group Director, Regulatory Affairs
1800 Pyramid Place N 2
Memphis, Tennessee 38132

Re: K060415/Si
Trade Name: SATELLITE® Spinal System
Regulatory Class: Unclssififed
Product Code: NVR
Dated: September 28, 2006
Received: September 29, 2006

Dear Ms. Scife't:

We have reviewed your Section 510(k) premarket notification of intent to market the device
referenced above and have determined the device is substantially equivalent (for the indications
for use stated in the enclosure) to legally marketed predicate devices marketed in interstate
commerce prior to May 28, 1976, the enaclment date of the Medical Device Amendments, or to
devices that have been reclassified in accordance with the provisions of the Federal Food, Drug,
and Cosmetic Act (Act). You may, therefore, market the device, subject to the general controls
provisions of the Act and the limitations described below. The general controls provisions of the
Act include requirements for annual registrtion, listing of devices, good manufacturing practice,
labeling, and prohibitions against misbranding and adulteration.

The Office of Device Evaluation has determined that there is a reasonable likelihood that this
device will be used for an intended use not identified in the proposed labeling and that such use
could cause harm. Therefore, in accordance with Section 513(i)(1)(E) of the Act, the following
limitation must appear in the Warnings section of the device's labeling:

"The safety and effectiveness of this device for use in motion sparing, non-fuion
procedures has not been established."

Please note that the above labeling limitations are required by Section 5133i)(I)S) of the Act.
Therefore, a new 510(k) is required before these limitations are modified in any way or removed
from the device's labeling.

The FDA finding of substantial equivalence of your device to a legally marketed predicate
device results in a classification for your device and permits your device to proceed to the
market. This letter will allow you to begin marketing your device as described in your Section
510(k) premarket notification if the limitation statement desczibed above is added to your
labeling.
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'JAN. 3,2007 5:30PM MEDTRONIC SOFMAMOR DANEK NO,564u ' P. 39

Page 2 - Ms. Chzistine Scifert

If your device is classified (see above) into either class II (Special Controls) or class M (PMA),
it may be subject to additional controls. Bxisting major regulations affecting your device can be
found in the Code ofFederal Regulations, Title 21, Parts 800 to 898. In addition, FDA may
publish further announcements concerning your device in the Federal Register.

Please be advised that FDA's issuance of a substantial equivalence determination does not mean
that FDA has made a determination that your device complies with other requirements of the Act
or any Federal statutes and regulations administered by other Federal agencies. You must
comply with all the Act's requirements, including, but not lrnited to: registration and listing (21
CFR Part 807); labeling (21 CFR Part 801); good manufacturing practice requirements as set
forth in the quality systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic
product radiation control provisions (Sections 531 -542 of the Act); 21 CFR 1000-1050.

If you desire specifc infozitation about the application of other labeling requirements to your
device (21 CFR Part 801), please contact the Office of Compliance at (240) 276-0120. Also,
please note the regulation entitled, "Misbranding by reference to premarket notification" (21
CFR Part 807.97). You may obtain other general information on your responsibilities under the
Act from the Division of Small M~ntufacturers, Internatonal, and Consumer Assistance at its
toll-free number (800) 638-2041 or (240) 276-3150 or at its Internet address

http://www.fda.gov/cdrh/industy/support/indexyi~tl>.

Sincerely yoursO f >

Donna-Bea Tillman, PhD., M.P.A.
Director
Office of Device Evaluation
Center for Devices and

Radiological Health

Enclosure
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Febrmry 2006
5l0(k Number(if4nown): ~0O 09/t5

Device Name: $ATELUEN Soinal Sytem

Indications for Use:

The SATELLITEThI Spinal System is intended to be insrted between the vertebral bodies
into the disc space from L3 to SI to help provide stabilization and to help promote
intervertebral body fusion. This intetnal fixation device is fntended for, and designed
solely for holdin bone parts in alignment while they heat The SATELLITB'N Spinal
System is intended to be used with bone graft.

Prescription Use' O4 Ver~m e-counter Use(Part 21 C O 801 ibpiztD) -q 2OlSubpazvC)
(PLEASE DO NOT W~fl BELOW THIS LINE-CONTINUE ANOTIR PAGE IF

Coneurede of CDRiE Office of Device Evaluation (ODE)

Division of GeneralRestoraUve,
and Neurological Devices

M1O(k) Number, KO oA/f

000039
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Food and Drug AdmiflistSbOn
Center for Devices and Radiological Health
Office of Device Evaluation

' Program Operations Staff
9200 Corporate Blvd.
Rockville, MD 20850

Fax Number: 240-276-4009
Phone Number: 240-276-4020

Fax
'b: Christine Scifert FroMW Brandi Stuart

Fax. 901 44 738 Page: 4 (including cover page)

Emani christine~sdfiartmedfdtrliD.CMO. , Date: 12,29.06

Rac SE Ltr with Umitations - k060415 co

M Urgent El For Review . [] Please Comment h phlase Reply r] Please Recycle

0Commnltts:

Attached is a draft SE letter that contains limitations language concerfliflg your clearance. Please review and

if you concur please fax back a written affirmation to the language in the letter. You may sign and date
directly on the draft ltr to affirm or deny.

If you have any questsUs please conetact me at the number above.
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Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Program Operations Staff
9200 Corporate Blvd.
Rockville, MD 20850

Fax Number: 240-276-4009
Phone Number: 240-276-4020

Fax
To: Christine Scifert From: Brandi Stuart

Fax: 901-346-9738 Pages: 4 (including cover page)

Email christine.sciferttamedtronic.com Date: 12.29.06

Re: SE Ltr with Limitations - k060415 CC:

0 Urgent [] For Review 5 Please Comment 0 Please Reply [ Please Recycle

0 Comments:

Attached is a draft SE letter that contains limitations language concerning your clearance. Please review and

if you concur please fax back a written affirmation to the language in the letter. You may sign and date
directly on the draft Itr to affirm or deny.

If you have any questions please contact me at the number above.

16
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P.

zCOMMUNICATION RESULT REPORT ( DEC. 29. 2006 2:46PM)

FAX HEADER 1: FDA-CDRH-ODE-POS
FAX HEADER 2:

TRANSMITTED/STORED: DEC. 29. 2006 2:45PM

FILE MODE OPTION ADDRESS RESULT PAGE
---------------------------------------------------

1067 MEMORY TX MEDTRONIC SOFMAMOR OK 4/4

REASON FOR ERROR
E:1 lANE IP OR LINE F AILI E-22 ISUI
E3 N ANSE E4 NO FCMIECNNECT ION

Food and Drug Administration
Center for Devices and Radiological Health
office of Device e-valuation
Program Operations Staff
9200 Corporate Blvd.
Rockville, MD 20850

Fax Number: 240-276-009
Phone Number: 240-276-4020

o: Christine Seilfert Fromn. Brant'd Stuart

Fax: 901-346-8738 Pagesi 4 (including cover page)

En,*ll crIstine.scifertnTrfedtrflc.ncom Betel 12.29.06

me: SE Ltr Witt) Limitations - k060415 cc.

0 urgent 0 For Retevlod . T please Comnent 0 Please Reply E3 Please ftecycle

*ConflfleitsI1

Attached is a draft SE letter that contains limitations language concerning your clearance- Please review and
if you concur please fax beok a written aftirrnation to the language in the letter. You may sign and date
directly on the draft Itr to affirm or deny.

If you have any questions please contact me at the number above.
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510(k) MEMORANDUM

To: K060415/SI
From: Jonathan H. Peck, Mechanical Engineer

ODE/DGRND/Orthopedic Devices Branch
Date: November 27, 2006
Subject: Satellite Spinal System

Product Code: NVR
Unclassified, Pre-amendments

Firm: Medtronic Sofamor Danek
1800 Pyramid Place
Memphis, TN 38132

Contact: Richard Treharne
Phone: (219) 396-3133
Fax: (901) 346-9738

Decision: Al (Hold)
Recommendation:
I recommend the PEEK Satellite Sphere be placed on hold because the sponsor has not provided clinical
evidence that the PEEK device (or the previously cleared cobalt chrome device) provide an adequate
adjunct to fusion. As stated in Deficiency # 1 below, "The overall effect that this change in material could
have on the performance of the Satellite Spinal System is not well understood and therefore cannot be fully
described pre-clinically. Given our limited understanding of how this device will perform in vivo, we
believe clinical data are necessary to assess the affect this material change will have on the performance of
the device." Therefore I recommend we send an AI letter to the sponsor containing the deficiency below.

Summary:
Medtronic obtained clearance for the cobalt chrome Satellite Spinal System under K051320 for fusion from
L3 to S 1. The previously cleared Satellite Spinal System is a cobalt chrome sphere (which comes in
several sizes) that is intended to be placed between adjacent vertebral bodies. This system obtained
clearance because the sponsor was able to show that the cobalt chrome spheres were essentially identical to
the pre-amendments Harmon Spheres. The sponsor was able to establish that the Harmon Spheres are a
valid predicate for fusion from L3 to SI. The sponsor now wishes to add additional spheres to the Satellite
Spinal System manufactured from PEEK-OPTIMA LTI. We have little knowledge of how a material
change could affect the performance of this device as an adjunct to fusion. Therefore, I believe clinical
data are necessary to demonstrate the substantial equivalence (safety and effectiveness) of the new PEEK
devices.

The sponsor has provided a letter from Dr. Fernstrom to Dr. Mayer which describes Dr Fernstrom's use of
the "steel ball" in 195 patients. The article does not describe fusion procedures or fusion outcomes. The
sponsor has also provided an article by Dr. Alvin McKenzie describing 103 cases where the sphere was
implanted (some cases with multiple levels) for non-fusion as well. This data does not support the use of
the PEEK sphere for the indication sought. Therefore, I will again ask the company to provide clinical data
to justify the change from Chromium to PEEK.

Deficiency:
In our April 5, 2006 letter you were asked to provide clinical data to demonstrate that the PEEK Satellite
Spinal System performs equivalently to a legally marketed predicate device as an adjunct to fusion. Your
device has a unique spherical design as compared to other legally marketed fusion devices. Therefore, the
effect that this change in material could have is not well understood. We believe the increased flexibility of
the PEEK device may make it more susceptible to certain adverse events such as device migration or
device expulsion for which there are no universally accepted preclinical test methods. The clinical
information you provided details use of the steel sphere for an off-label non-fusion indication. No clinical
information was provided on the PEEK device for the indication sought. Therefore, please provide clinical
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data that demonstrates the PEEK sphere performs equivalently to a legally marketed fusion device as an
adjunct to fusion. We would expect the clinical data set to demonstrate that use of the device in
combination with bone graft (as indicated) results in radiographic fusion and that the subject device does
not yield significantly higher rates of migration, expulsion or other adverse events than the legally
marketed device. Please be advised that prior to initiating a clinical study in the United States that you
must submit an IDE application to the FDA for review.

Reasons for Al:
The PEEK device could have a higher expulsion rate than the Chromium device. Current expulsion testing
does not represent the physiological environment and may not adequately characterize a specific device's
propensity to expulse. At the most recent ASTM meeting in Atlanta (2006), there were discussions on
improving this test, but no clear cut answer to the problem at this time. So despite the fact that the sponsor
showed the device to perform equivalently in the expulsion testing, since the test methods may not be
adequate, clinical data is the only way to assess this issue.

In the same line of thinking, the PEEK device may have a higher rate of migration. The unique spherical
design combined with the higher flexibility of the device material could lead to a higher rate of device
migration.

These reasons combined with the overall lack of information on how this device performs as an adjunct to
fusion lead to the request for clinical data on the PEEK device as an adjunct to fusion.

Note: This file was converted from a Special 510(k) to a traditional for the following reason: The Satellite
Spinal System is unclassified, pre-amendments. The sponsor is now proposing a change in the material of
the device to PEEK. Since we have not seen a device of this type that is manufactured from PEEK, this
change represents afundamental change in technology and therefore, the application is not appropriate for
the Special 510(k) program.

Discussion with Management:

Spine Team Meeting:
I brought this file to Spine Team meeting on November 29, 2006. In attendance were Ted Stevens, Jodi
Anderson, Sergio de del Castillo, Ann Ferriter, Nadine Sloan, Genevieve Hill, Mike Courtney, Jismi Jose
and Bryce Whited. We discussed the issue of modifying this unclassified, pre-amendments device. It was
agreed upon by the team that we could not fally understand the affect that this change in material would
have on the device's performance without good clinical data on either the original cobalt chromium device
or the PEEK sphere. 

 

Previous Deficiencies and Sponsor's Response (SI):
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I. You propose the addition of spheres manufactured from PEEK-OPTIMA LTI to the Satellite Spinal
System. This system has unique geometry as compared to other legally marketed fusion devices and
you have not provided clinical information on the safety and effectiveness of this device as an adjunct
to fusion. You have provided data from two bench tests, subsidence and push-out, which demonstrate
that the PEEK Satellite Spinal System performs differently from the cobalt chrome predicate. The
overall effect that this change in material could have on the performance of the Satellite Spinal System
is not well understood and therefore cannot be fully described pre-clinically. Given our limited
understanding of how this device will perform in vivo, we believe clinical data are necessary to assess
the affect this material change will have on the performance of the device. Therefore, please provide
clinical data that demonstrates equivalence in terms of safety and effectiveness of the PEEK Satellite
Spinal System for the indication sought. Please be advised that prior to initiating a clinical trial in the
United States you must submit an investigational device exemption (IDE) application for review by the
FDA.

Sponsor's Response (SI):
The sponsor states that they are confused by FDA's question. The sponsor believes that since the clearance
of the cobalt chromium harmon sphere was granted, that the change to PEEK is justified due to the long
history of PEEK in the spine. The sponsor has referenced devices such as the VERTE-STACK Spinal
System, the CD HORIZON, and the PEEK LT-CAGE as examples of PEEK devices (or devices with
PEEK components) that have been cleared of approved. The LT-CAGE and the VERTE-STACK are the
most relevant in that they are used in the disc space. The sponsor states that clinical data was never
required to gain clearance of the LT-CAGE of the VERTE-STACK devices. The sponsor also argues that
mechanical testing was offered to compare the PEEK LT-CAGE to the titanium counterpart and that the
PEEK device was outperformed by the titanium device.

The sponsor has provided the "clinical data" that was provided with the original Satellite System
submission. This data consists of the following:

A Letter from Dr. Fernstrom to Dr. Mayer:
In this letter, Dr. Fernstrom describes his use of the "steel ball" in the lumbar and cervical spine. The letter
describes problems with migration and subsidence:

"Migration of steel ball occurs always three weeks after operation and depends on too big steel
ball."

"There is no erosion of vertebrae but the steel ball has sinking into the vertebrae body, slight 74%,
obvious 13% and totally 0.7% and in 12% the height of the disc has not changed. This figures are
from 164 steel balls observed during 5-7 years after operation."

Reviewer Comments:

.

A Paper: Fernstrom Intervertebral Disc Arthroplasty. A Lone-Term Evaluation:
This article describes the use of metal spheres in 103 patients for arthroplasty.

Reviewer Comments:
This paper is therefore irrelevant to the discussion as the clinical data presented is not for the intended use
of the subject device.

A power-point presentation of the use of the metal sphere as a disc arthroplasty:
Again, this is a presentation on the use of the device in disc arthroplasty.

Reviewer Comments:
Therefore the data presented is irrelevant this submission.

25
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An Affidavit from Alvin H. McKenzie. M.D.:
Dr. McKenzie stated that the spinal sphere was used as a fusion and arthroplasty device.

Reviewer Comments:
This affidavit was not evidence enough to al/ow the arthroplasty intended use in the original Satellite
submission and it certainly does not contain compelling clinical data.

Deficiency:
2. You have provided results of subsidence testing and push-out testing of your worst case PEEK device.

The PEEK device exhibited a higher subsidence load and a higher push-out load than the predicate
cobalt chrome device. We believe that these two tests do not fully pre-clinically address all of the
potential risks that are associated with changing the device material from cobalt chrome to PEEK. The
PEEK device could fail at low compression loads (static and fatigue) as compared to a le gally
marketed predicate device. In addition, the PEEK device could be subject to wear. Therefore, please:

a. Provide results of static and dynamic compression testing of the worst case PEEK device.
Please compare the results of these tests to a legally marketed predicate fusion device and
provide a physiologic justification showing that the strength exhibited by the device in static
compression and compression fatigue is adequate.

Sponsor's Response (SI):
The sponsor performed static and dynamic compression testing on the device per ASTM F 1077. The
11Imm device was chosen as worst case. The sponsor has removed the 10mrm implant from the submission
(An updated implant listing has been provided). The I11mm device ran out to  under a

without fracture or failure.

Five devices were tested in static compression. The average yield load was  and the average
stiffness was 

Reviewer Comments:
The device performed adequately in static compression and compression fatigue. This deficiency is
adequately resolved.

b. Provide results of wear testing on the worst case PEEK device. This test should mimic
abrasion of the vertebral endplates against the device under worst case physiological loads
and motions. If your device produces an excessive amount of wear, you may need to perform
an animal study to demonstrate that the amount, size and morphology of thle PEEK wear
debris is acceptable. However, if the device produces minimal wear, you may be able to
validate the results with the literature.

Sponsor's Response (SI):
All static compression and compression fatigue testing was performed in solution. The devices were
weighed and it was found that all specimens gained weight during testing. The sponsor concluded that this
meant that no excessive amounts of wear debris were generated during testing.

The fatigue specimens gained  respectively.

Reviewer Comments:,
The wear testing 

compression. However, I do not believe that wear is a huge concern given the design and intended use of
the device. The device is simply a sphere. Since it is intended to be used as a cage, the device will
probably not experience much wear. Therefore, I believe this deficiency is adequately resolved.
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Deficiency:
3. You state that the subject devices are manufactured from PEEK-OPTIMA LT1 and tantalum.

However, you have not provided any specific information on the materials. Please provide the
manufacturer of the materials and any standards to which the materials conform. Please identify a
predicate device which utilizes these same materials in the spine. Then please describe if you have
made any changes in manufacturing techniques used in the predicate that could potentially affect the
biocompatibility or material properties of the device.

Sponsor's Response (SI):
The sponsor states that the materials are used in the predicates as well. The PEEK is identical to the
material used in the VERTE-STACK and the CD HORIZON. The Tantalum material is identical to
material used in the same predicates. The tantalum is per ASTM F560.

Reviewer Comments:
This deficiency is adequately resolved

Administrative Requirements:
This submission contains a Truthful and Accurate Statement, a 510(k) Summary and an Indications for Use
page.

Internal Administrative Form:
YES NO

1. Did the firm request expedited review? X
2. Did we grant expedited review? N/A
3. Have you verified that the Document is labeled Class IlI for GMP purposes? N/A
4. If, not, has POS been notified? N/A
5. Is the product a device? X
6. Is the device exempt from 510(k) by regulation or policy? X
7. Is the device subject to review by CDRH? X
8. Are you aware that this device has been the subject of a previous NSE decision? X

9. If yes, does this new 510(k) address the NSE issue(s), (e.g., performance data)? N/A

10. Are you aware of the submitter being the subject of an integrity investigation? X
11. If, yes, consult the ODE Integrity Officer. N/A
12. Has the ODE Integrity Officer given permission to proceed with the review? (Blue Book N/A

Memo #191-2 and Federal Register 90N0332, September 10, 1991.

Substantial Equivalence Decision Making Checklist:
YES NO

1. Is the product a device? X NO then Stop
2. Is the device subject to 510(k)? X NO then Stop
3. Is the indication statement the same? X YES then Go To 5
4. Do differences in the indication statement raise new issues YES then NSE

of safety and effectiveness?
5. Does the device have the same technological YES then Go To 7

characteristics?
6. Could the new characteristics affect safety and YES then Go To 8

effectiveness?
7. Are the descriptive characteristics precise enough? NO then Go To 10

YES then SE
8. Are there new types of safety and effectiveness questions? X YES then NSE
9. Do accepted scientific methods exist to test the impact of the NO then NSE

new characteristics?
10. Is performance data available? X NO then Request Data
11. Does the performance data demonstrate substantial FINAL DECISION:

equivalence? X Al (Hold

Explanations for "yes" responses to questions 4, 6, 8, and I 1, and every "no" response in the
Substantial Equivalence (SE) Decision Making Checklist:
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5. Does the device have the same technological characteristics?

No. The change in material from cobalt chrome to PEEK represents a change in the fundamental
technology of the device since it is unclassified, preamendments.

6. Could the new characteristics affect safety and effectiveness?

Yes. Since this device design is quite unique, as compared to other interbody fusion devices, we are not
sure what affect this material change could have on the safety and effectiveness of the device.

10. Is performance data available?

The sponsor provided data (discussed above) on the use of metal spinal spheres used for spinal arthroplasty.
None of the data is compelling and none of the data suggests that the use of a PEEK sphere as an adjunct to
fusion would be substantially equivalent to any cleared fusion system including the cobalt chromium
spheres.

II. Does the performance data demonstrate substantial equivalence?

No. The data provided is mostly on the use of the device for disc arthroplasty. Either way, the data does
not support the use of a PEEK sphere as an adjunct to fusion.

PREVIOUS REVIEW:

Device Description:
The previously cleared Satellite Spinal System (K051320) was a series of cobalt chrome spheres intended
to be placed between adjacent vertebral bodies as an adjunct to fusion. The sponsor now wishes to modify
the material to PEEK.

The subject devices are essentially PEEK spheres which have cylindrical cutouts for insertion
instrumentation. The device also features a 0.029 diameter cylindrical tantalum marker that is press fit into
a cylinder above the main instrument insertion hole.

Sizes:
The devices come in 7 sizes ranging from I 0mm to 16nam in I mm increments.

Reviewer Comments:
The main change being made to the ,ystem is a change in the materialfrom cobalt chrome to PEEK. We
were not comfortable clearing the original Satellite System (K051320) manufacturedfrom cobalt chrome
because there is limited clinical information on the device and the results do not lead to the conclusion that
the device is successful in aiding fusion. Our hand was forced to clear the previous Satellite System
because it was essentially identical to a pre-amendments device called the Harmon Sphere. Since the
Satellite System is unclassified and pre-amendments, the change in materials represents afundamental
change in technology. I believe that we do not know enough about this device design to make a
determination with preclinical information as to how the device will perform in vivo. Therefore, we will be
requesting clinical data for this submission.

Deficiency:
You propose to change the material of the spheres in the SATELLITE Spinal System to PEEK-OPTIMA
LTI. We are unaware of a predicate device manufactured from PEEK with a spherical design that has been
cleared for the indication you seek. We are also unaware of the affects this change in material could have
on the performance of the device. You have provided results for two bench tests: subsidence and push-out
testing. The PEEK device had a higher subsidence load and a higher push-out load than the cobalt chrome
device. However, the results of the subsidence testing are difficult to interpret as you report the load at
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which the device has fully subsided into the foam blocks. The definition of failure in subsidence should be
prior to the device fully subsiding. In addition, we feel that the push-out test performed does not mimic the
way the device may expulse in vivo. We feel that, given our limited understanding of how this device will
perform in vivo, clinical data is the only way to assess this material change. Therefore, please provide
clinical data that demonstrates the safety and effectiveness of the PEEK SATELLITE Spinal System as an
adjunct to fusion. This data should address the risks of expulsion and subsidence and show that the device
is an effective adjunct to fusion as compared to a legally marketed predicate device. Please be advised that
prior to initiating a clinical trial in the US, you must submit an investigational device exemption (IDE)
application for review by the FDA.

Materials:
The sponsor seeks clearance for Satellite Devices manufactured from medical grade PEEK-OPTIMA LT1.
These devices also have tantalum markers.

Reviewer Comments:
The sponsor has not provided sufficient material information. The sponsor should identfy a predicate
device that utilizes the exact same material processed in exactly the same manner.

Deficiency:
You state that the subject devices are manufactured from PEEK-OPTIMA LTI with tantalum markers.
However, you have not provided any specific information on the materials. Please provide the
manufacturer of the material and any standards to which the materials conform. It is helpful if you identify
a predicate device which utilizes this same materials in the spine. Then please describe if you have made
any changes in manufacturing techniques used in the predicate that could potentially affect the
biocompatibility of material properties of the device/materials.

Intended Use:
The indications have not changed from the predicate:

The Satellite Spinal System is intended to be inserted between the vertebral bodies into the disc space from
L3 to SI to help provide stabilization and to help promote intervertebral body fusion. This internal fixation
device is intended for, and design solely for holding bone parts in alignment while they heal. The Satellite
Spinal System is intended to be used with bone graft.

Sterilization:
The following instructions are provided in the package insert:

"Unless marked sterile and clearly labeled as such in an unopened sterile package provided by the
company, all implants and instruments used in surgery must be sterilized by the hospital prior to use.
Remove all packaging materials prior to sterilization. Only sterile products should be placed in the
operative field. Unless specified elsewhere, there products are recommended to be steam sterilized by the
hospital using one of the three sets of process parameters below:

Method Cycle Temperature Exposure Time
Steam Pre-vacuum 270°F (132 0C) 4 minutes
Steam Gravity 250°F (121°C) 30 minutes
Steam Gravity 273-F (134°C) 20 minutes

Reviewer Comments:
The device will be supplied sterilized via gamma sterilization that is identical to the previously cleared
device.

Labeling:
Draft Package Label:
The draft package label is adequate and contains:
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* Company Name, Address, Phone #
* Device Name, Size and Quantity
* "Sterile" and "Sterility is assured only when package is undamaged"
* Material Name
* Ref # and Lot#

Draft Package Insert:
The draft package insert contains the following:

* Product description
* Contraindications, Possible Adverse Events, Warnings
* Operative Instructions
* Packaging, cleaning and decontamination
* Sterilization
* Product complaints information
• Company Name, Address and Phone#

Testing:
The sponsor performed two tests on the subject devices: push out testing and subsidence testing.

Worst Case Rationale: The sponsor tested the 10mm implants as they are the smallest PEEK size available,
thus making it the worst case size in subsidence, but perhaps not pushout.

Push-Out Testing:
Methods-

  

    
  

   
 

Results-

Reviewer Comments:
The .ponsor concludes that the PEEK devices have a statistically significantly higher push out resistance.
However, it is difficult to draw conclusions with only a l preload The sponsor has nicely summarized
our concerns with this device in their methods for this test. When a  preload was used, subsidence
occurred due to the spherical geometry of the device. This is also what we would expect to happen in vivo.
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This is why we will be requesting clinical data for this design change despite the fact that the PEEK device
outperformed the predicate in this test.

Subsidence Testing:
Methods-

Results-
Specimen Peak Load (N)

Reviewer Comments:

Risk Assessment:
This document wasoriginally a Special 5 so the sponsor su pled te following risk analysis:
Change Risk Verification Acceptance Results of

Criteria Verification
Change in material Material change Subsidence test Subsidence and Testing
from cobalt could negatively and Push-out test Push-out Tests demonstrated that
chrome to PEEK impact subsidence of 10mm PEEK must demonstrate PEEK was greater

or push-out. (worst case) and PEEK device to be in Subsidence
10mm Cobalt substantially 
Chrome (worst equivalent to 
case) predicate  resistance

SATELLITE than predicate
device. SATELLITE

device.

Reviewer Comments:
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The sponsor has not identified all of the potential risks in switching the device materialfrom CoCr to
PEEK. As with any cage or VBR, the sponsor should address the risk offailure in static compression and
compression.fatigue. Given the design of the product (a sphere) and the fact that it is not intended to resist
torsional loads, I do not see a need for static torsional or torsional fatigue testing.

Deficiency:
3. You have provided results of subsidence testing and push-out testing of your worst case PEEK device

as compared to the pre-amendments cobalt chrome device. We believe that these two tests do not fully
pre-clinically address all of the potential risks that come along with changing the device from cobalt
chrome to PEEK. We believe that the PEEK device could fail at lower compression loads (static and
fatigue). In addition, we believe the PEEK device could be subject to excessive wear as the vertebral
endplates move with respect to one another. Therefore, please:

c. Provide results of static and dynamic compression testing of the worst case PEEK device.
Please provide results of this testing to a legally marketed predicate device and provide a
physiologic rationale for the strength of the device in static compression and compression
fatigue.

d. Provide results of wear testing on the worst case PEEK device. This test should mimic the
abrasion of the vertebral endplates against the device under worst case physiological loads
and motions. If your device produces an excessive amount of wear, you may need to perform
an animal study to demonstrate that the amount, size and morphology of the PEEK wear
debris is acceptable. However, if the device produces minimal wear, you may be able to
validate the results with literature.

Predicates used to support of SE:
The sponsor references the unclassified, pre-amendments Satellite Spinal System (K05 1320) as a predicate
for the subject PEEK devices. The following comparison chart was provided:

Predicate SATELLITE device Subject SATELLITE device
Intended Use/Indications for Use To help provide stabilization and Identical

to help promote intervertebral
body fusion. This internal
fixation device is intended for,
and designed solely for holding
bone parts in alignment while
they heal.

Implant Size Range 9.5mm - 19mm Inclusive - 10amm - 16mm
Levels of Attachment L3-S I Identical
Surgical technique Anterior Approach Identical
Material Cobalt Chrome PEEK-Optima LT I/Tantalum
Sterilization Method Gamma Identical
Fundamental Scientific Tech. Spherical implant inserted into Identical

the disc space.

End of Review (JHP)

Jo
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DEPARTMENT OF HEALTrH & HUMAN SERVICES Public Health Service
F-ood anid Drug Administration

Memorandum

From: Re1Viewer(s;) - Nm~)_ _ ______ __ __

Subject: 51I0(k) N umlber_______ ___ __

To: The Record - It is my recommendation that the subject 5 10(k) Notification:

UJ Refused to accept.

..~kequiires additional information (other than refuse to accept).

ElIs substantially equivalent to marketed devices.

EINOT substantially equivalent to marketed devices.

BlOther (e.g., exempt by regulation, not a device, duplicate, etc.)

Is this device subject to Section 522 Postmarket Surveillance? EYES KNO

Is this device subject to the Tracking Regulation? ElYES 34N0

Was clinical data necessary to support the review of this 5 10(k)? 'i~YES Bl NO

Is this a prescription device? ..27'ES ON

Was this 510(k) reviewed by a Third Party? ElY ES .KNO

Special 5 10(k)? EIYES - NO

Abbreviated 510(k)? Please fill out form onEHDrive 510k/boilers EYES B NO

Truthful and Accurate Statement ElRequeste4Zf Enclosed

A5 10(k) summary OR BJA 5 10(k) statement

El The required certification and summary for class III devices

ElThe indication for use form

Combination Product Category (Please see algorithm on H drive 5 10k/Boilers)-A -

Animal Tissue Source Bl YES EiNO Material of Biological Origin El YES iiNO

The submitter requests under 21 CFR 807.95 (doesn't apply for SEs):

El No Confidentiality El Confidentiality for 90 days Bl Continued Confidentiality exceeding 90 days

Predicate Product Code wvith class: Additional Product Code(s) with panel (optional):

(Branch Chief) ~~(Branch Code) (ae

Final Review:___________________________________
(Division Director) (Date)

Revised:4/2/03
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

iarkeled Device *

Descriptive Inlorniation l)oes New Device I lave Same /N0 Do the Dillerenecs Alter the Intended
about New or Marketed Indication Statement. TherapcuticlDiagnostidctc. Elbcrt YES Eguivaleni Deternminationt

Device Requested as Nccd dI\ (in Deciding, May Considcr Impact on4, YES Safety and Effectiveness)?'

New Device I las Same Intended NO
Use and May be "Substantially Equivalent" I 0 0

] lx ~~~~~~~~~~~New Device IHasO57~ I / '-- ~--~----~ ~~~~~~New Intended UselDoes Newy Device 1ave Scone
Technolog-ical Characteristic e,/NO C o d' eNw.

YES ~~~~~Affect Safely or -* Raise New Types of Safety YE
Efcime s? or Effectiveness Questions?

O Arc thc Descriptive
Characteristics Precise Enough

to Ensure Equfivalence 4

Are Performance Data Do Accepted Scientific

Available to Asses Equivalence? YES Methods Exist for
Assessing Effects of N/ the New Characte~~~~~~~~~~~~~~~~~~~~~~~~~~~ristics?

YES

PerfoPerformance ervaiable NO
Data Required of New

Performance Data Demonstrate Performance Data Demonstrate
Equivalence? ' Equivalence?

jNO YES YES NO

'Substantially Equivaletu" A
To A Determination To

510(k) Submissions compare nev devices to marketed devices. FDA requests additional intbnration if the relationship between
marketed and 'predicate" (pre-Amcndmncnts or reclassified post-Amendiemns) devices is unclear.

This decision is normally based on descriptive infonmation alone, but limited testing inlornatioal is sometimes required

·. * *Data maybe in (lie 10(k), other 510(k)s, (he Center's classification files, or the literature

I15-0
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SCREENING CHECKLIST
FOR ALL PREMARKET NOTIFICATION [510(k)] SUBMISSIONS

510(k) Nmlber:

The cover letter clearly identifies the type of 510(k) submission as (Check the
appropriate box):

El Special 510(k) Do Sections 1 and 2

it Abbreviated 510(k) Do Sections 1, 3 and 4

9'$ Traditional 510(k) or no identification provided Do Sections I and 4

Section 1: Required Elements for All Types of 510(k) submissions:

Present or Missing or
Adequate Inadequate

Cover letter, containing the elements listed on page 3-2 of the
Premarket Notification [510)] Manual.
Table of Contents. .,
Truthful and Accurate Statement.
Device's Trade Name, Device's Classification Name and
Establishment Registration Number. 7
Device Classification Regulation Number and Regulatory Status
(Class I, Class II, Class III or Unclassified).
Proposed Labeling including the material listed on page 3-4 of the
Premarket Notification [510)] Manual. t/
Statement of Indications for Use that is on a separate page in tie
premarket submission. J
Substantial Equivalence Comparison, including comparisons of
the new device with the predicate.
510(k) Summary or 510(k) Statement-
Description of the device (or modification of the device) including
diagrams, engineering drawings, photographs or service manuals.
Identification of legally marketed predicate device. *
Compliance with performance standards. * [See Section 514 of
the Act and 21 CFR 807.87 (d).]
Class III Certification and Summary. * *
Financial Certification or Disclosure Statement for 510(k)
notifications with a clinical study. * [See 21 CFR 807.87 (i)]
510(k) lt Certification***

· - May not be applicable for Special 510(k)s.
· * - Required for Class III devices, only.

- See pages 3-12 and 3-13 in the Premarket Notification [510)1 Manual and the
Convenience Kits Interim Regulatory Guidance.

Section 2: Required Elements for a SPECIAL 510(k) submission:
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Present Inadequate
or Missinv

Nane and 510(k) niumberof the suinmite s own, tinmoldified
predcicate device.
A description of the modified device and a comparison to the

ojpnsor's predicate device.
A statement that the intended usc(s) and indications of the
modified device, as described in its labeling are the same as the
intended uses and indications for the submitter's unmodified
predicate device.
Reviewer's confirmation that the modification has not altered the

fundamental scientific technology of the submitter's predicate Ž0 .. #'=

device. I
A Design Control Activities Summary that includes the following
elements (a-c): : ': '.......
a. Identification of Risk Analysis method(s) used to assess the
impact of the modification on the device and its components, and
the results of the analysis.
b. Based on the Risk Analysis, an identification of the required
verification and validation activities, including the methods or
tests used and the acceptance criteria to be applied.
c. A Declaration of Conformity with design controls that includes
the following statements:

A statement that, as required by the risk analysis, all
verification and validation activities were performed by the
designated individual(s) and the results of the activities
demonstrated that the predetermined acceptance criteria were
met. This statement is signed by the individual responsible
for those particular activities.
A statement that the manufacturing facility is in conformance
with the design control procedure requirements as specified
in 21 CFR 820.30 and the records are available for review.
This statement is signed by the individual responsible for
those particular activities.

Section 3: Required Elements for an ABBREVIATED 510(k)* submission:

Present Inadequate

or Missing
For a submission, which relies on a guidance document and/or
special control(s), a summary report that describes how the
guidance and/or special control(s) was used to address the risks
associated with the particular device type. (If a manufacturer
elects to use an alternate approach to address a particular risk,
sufficient detail should be provided to justify that approach.)
For a submission, which relies on a recognized standard, a
declaration of conformity [For a listing of the required elements
of a declaration of conformity, SEE Required Elements for a
Declaration of Conformity to a Recognized Standard, which
is posted with the 510(k) boilers on the fH drive.]

(Sm
FOI - Page 102 of 216



For a submission, wvhich relics on a recognized standard without a

declaration of conformity, a statement that the manufacturer

intends to con form to a recognized standard and that supporting~

hita \villb ~I 2 i ail abI)c be foic Winrketi . the (levice.

IFo)r a su I)inissi )f, \which relics on a non -rccoiniYz(I s tandalid that

has been histonecall, ,accepted by FDA, a1 statemniit that thle

manufacturer intends to conform to a recognized stantisrti ailt

that supporting diata will be available before marketing the device.

For a submission, \vhich relies on a non-recognized standard that

has not been historically accepted by FDA, a statement that the

manufacturer intends to conform to a recognized standard and

that supporting data wviii be available before marketing the device

and any additional information requested by the reviexver in order

to determine substantial equivalence.

Any additional information, which is not covered by the guidance

document, special control, recognized standard and/or non-

recognized standard, in order to determine substantial

equivalence.

* -When completing the review of an abbreviated 510(k, please fill out an

Abbreviated Standards Data Form (located on the H drive) and list all the guidance

documents, special controls, recognized standards and/or non-recognized

standards, which were noted by the sponsor.

Section 4: Additional Requirements for ABBREVIATED and TRADITIONAL

510(k) submissions (If Applicable):

Present Inadequate

or Missingl
a) Biocompatibility data for all patient-contacting materials, OR

certification of identical material/formulation:

b) Sterilization and expiration dating information: ______

i) steiilization nrncess
ii) vilidition method of sterilization nrocess
iii) SAT.
iv) nuickqmnai
v) snecifv nxvroen free
vi) F.TO residues
vii) rndintin ds
viii) TraditionMl Metoarli-rdtonIMto _____

c) Software Documentatton:

Items with checks in the "Present or Adequate" columrn do nortrequire e additional

information fromt the sponsor. Itemns wtith choes in the "Missing or Inadequate"

column must be submitted before substantive reviews of die documnent.

Passed Screening /__Ycs -__No

Reviewer: tA l t-, &c

Concurrence by Review Branch:_____________

Date:________
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510(k) MEMORANDUM

To: K060415
From: Jonathan H. Peck, Mechanical Engineer

ODE/DQRND/Orthopedic Devices Branch
Date: March 23, 2006
Subject: Satellite Spinal System

Product Code: NVR
Unclassified, Pre-amendinents

Firm: Medtronic Sofamnor Danek
1800 Pyramid Place
Memphis, TN 38132

Contact: Richard Treharne
Phone: (219) 396-3 133
Fax: (901) 346-9738

Decision: Hold (Al)
Recommendation:
I recommend this file be placed on hold so that the sponsor can address the deficiencies listed below.

Summary:
Medtronic obtained clearance for the cobalt chrome Satellite Spinal System under K(05 1320 for fusion from
L3 to SI1. The previously cleared Satellite Spinal System is a cobalt chrome sphere (which comes in
several sizes) that is intended to be placed between adjacent vertebral bodies. This system obtained
clearance because the sponsor was able to show that the cobalt chrome spheres were essentially identical to
the pre-amendments Harmon Spheres. The sponsor was able to establish that the Harmon Spheres are a
valid predicate for fusion from L3 to SI1. The sponsor now wishes to add additional spheres to the Satellite
Spinal System manufactured from PEEK-OPTIMA LTI. We have little knowledge of how a material
change could affect the performance of this device as an adjunct to fusion. Therefore, I believe clinical
data is necessary to demonstrate the safety and effectiveness of the new PEEK devices. Please see the
deficiencies that follow.

Note: This file was converted from a Special 5 10(k) to a traditional for the following reason: The Satellite
S5pinal System is unclassifled, pre-amendments. The sponsor isnow propos~ing achange in thelmaterial of
the device to PEEK. Since we have not seen a device of this type that is manufactured from PEEK, this
change represents afundamental change in technology and there]fore, the application is not appropriate for
the Special 5 10(k) program.

The conversion form is attached.

Attached:
Memo for K051320 for reference.
Conversion form (Special to Traditional)
Email documentation

Combined Deficiencies as they appear in the Al Letter to the Sponsor:
1. You propose the addition of spheres manufactured from PEEK-OPTIMALTI to the Satellite Spinal

System. This system has unique geometry as compared to other legally marketed fusion devices and
you have not provided clinical information on the safety and effectiveness of this device as an adjunct
to fusion. You have provided data from two bench tests, subsidence and push-out, which demonstrate
that the PEEK Satellite Spinal System performs differently from the cobalt chrome predicate. The
overall effect that this change in material could have on the performance of the Satellite Spinal System
is not well understood and therefore cannot be fully described pre-clinically. Given our limited
understanding of how this device will perform in vivo, we believe clinical data are necessary to assess
the affect this material change will have on the performance of the device. Therefore, please provide
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clinical data that demonstrates equivalence in terms of safety and effectiveness of the PEEK Satellite
Spinal System for the indication sought. Please be advised that prior to initiating a clinical trial in the
United States you must submit an investigational device exemption (IDE) application for review by the
FDA.

2. You have provided results of subsidence testing and push-out testing of your worst case PEEK device.
The PEEK device exhibited a higher subsidence load and a higher push-out load than the predicate
cobalt chrome device. We believe that these two tests do not fully pre-clinically address all of the
potential risks that are associated with changing the device material from cobalt chrome to PEEK. The
PEEK device could fail at low compression loads (static and fatigue) as compared to a legally
marketed predicate device. In addition, the PEEK device could be subject to wear. Therefore, please:

a. Provide results of static and dynamic compression testing of the worst case PEEK device.
Please compare the results of these tests to a legally marketed predicate fusion device and
provide a physiologic justification showing that the strength exhibited by the device in static
compression and compression fatigue is adequate.

b. Provide results of wear testing on the worst case PEEK device. This test should mimic
abrasion of the vertebral endplates against the device tinder worst case physiological loads
and motions. If your device produces an excessive amount of wear, you may need to perform
an animal study to demonstrate that the amount, size and morphology of the PEEK wear
debris is acceptable. However, if the device produces minimal wear, you may be able to
validate the results with the literature.

3. You state that the subject devices are manufactured from PEEK-OPTIMA LTI and tantalum.
However, you have not provided any specific information on the materials. Please provide the
manufacturer of the materials and any standards to which the materials conform. Please identify a
predicate device which utilizes these same materials in the spine. Then please describe if you have
made any changes in manufacturing techniques used in the predicate that could potentially affect the
biocompatibility or material properties of the device.

Administrative Requirements:
This submission contains a Truthful and Accurate Statement, a 510(k) Summary and an Indications for Use
page.

Internal Administrative Form:
YES NO

1. Did the firm request expedited review? X
2. Did we grant expedited review? N/A
3. Have you verified that the Document is labeled Class III for GMP purposes? N/A
4. If, not, has POS been notified? N/A
5. Is the product a device? X
6. Is the device exempt from 510(k) by regulation or policy? X
7. Is the device subject to review by CDRH? X
8. Are you aware that this device has been the subject of a previous NSE decision? X

9. If yes, does this new 510(k) address the NSE issue(s), (e.g., performance data)? N/A

10. Are you aware of the submitter being the subject of an integrity investigation? X
11. If, yes, consult the ODE Integrity Officer. N/A
12. Has the ODE Integrity Officer given permission to proceed with the review? (Blue Book N/A

Memo #191-2 and Federal Register 90N0332, September 10, 1991.

Substantial Equivalence Decision Making Checklist:

1. Is the product a device? X NO then Stop

IY~l N~then

FOI - Page 105 of 216



2. Is the device subject to 510(k)? x NO then Stop
3. Is the indication statement the same? XI YES then Go To 5
4. Do differences in the indication statement raise ~new issuies YES then NSE

of safety and effectiveness?
5. Does the device have the same technological YES then Go To 7

characteristics?
6, Could the new characteristics affect safety and YES then Go To 8

effectiveness?
7. Are the descriptive characteristics precise enough? NO then Go To 10

YES then SE
8. Are there new types of safety and effectiveness questions? _____ X YES then NSE
9. Do accepted scientific methods exist to test the impact of the NO then NSE

new characteristics?
10. Is performance data available? X NO then Request Data
11. Does the performance data demonstrate sub~stantial FINAL DECISION:

equivalence?

Explanations for "yes" responses to questions 4, 6, 8, and II, and every "no" response in the
Substantial Equivalence (SE) Decision Making Checklist:

5. Does the device have the same technological characteristics?

No. The change in material from cobalt chrome to PEEK represents a change in the fundamental
technology of the device since it is unclassified, preamendments.

6. Could the new characteristics affect safety and effectiveness?

Yes. Since this device design is quite unique, as compared to other interhody fusion devices, we are not
sure what affect this material change could have on the safety and effectiveness of the device.

10. Is performance data available?

No. The sponsor will need to provide additional preclinical (compression and wear testing) and clinical
data.

Device Description:
The previously cleared Satellite Spinal System ((05 1320) was a series of cobalt chrome spheres intended
to be placed between adjacent vertebral bodies as an adjunct to fusion. The sponsor now wishes to modify
the material to PEEK.

The subject devices are essentially PEEK spheres which have cylindrical cutouts for insertion
instrumentation. The device also features a 0.029 diameter cylindrical tantalum marker that is press fit into
a cylinder above the main instrument insertion hole.

Sizes:
The devices come in 7 sizes ranging from I10mm to 16mm in I mm increments.

Reviewer Comments:
The main change being made to the system, is a change in the inaterial from cobalt chrome to PEEK. We
were not comfortable clearing the original Satellite System (KOS51320) manufitctured from cobalt chrome
because there is limited clinical in~formation on the device and the results do not lead to the conclusion that
the device is successful in aiding fusyion. Our hand was ~forced to clear the previous Satellite System
because it was essentially identical to a pre-amendments device called the Harmon Sphere. Since the
Satellite System is unclassified and pre-amendments, the change in materials represents afundamental
change in technology. I believe that we do not know enough about this device design to make a
determination with preclinical information as to how the device will perform in vivo. Therefore, we will be
requesting clinical data for this submission,
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Deficiency:
You propose to change the material of the spheres in the SATELLITE Spinal System to PEEK-OPTIMA
LTI. We are unaware of a predicate device manufactured from PEEK with a spherical design that has been
cleared for the indication you seek. We are also unaware of the affects this change in material could have
on the performance of the device. You have provided results for two bench tests: subsidence and push-out
testing. The PEEK device had a higher subsidence load and a higher push-out load than the cobalt chrome
device. However, the results of the subsidence testing are difficult to interpret as you report the load at
which the device has fully subsided into the foam blocks. The definition of failure in subsidence should be
prior to the device fully subsiding. In addition, we feel that the push-out test performed does not mimic the
way the device may expulse in vivo. We feel that, given our limited understanding of how this device will
perform in vivo, clinical data is the only way to assess this material change. Therefore, please provide
clinical data that demonstrates the safety and effectiveness of the PEEK SATELLITE Spinal System as an
adjunct to fusion. This data should address the risks of expulsion and subsidence and show that the device
is an effective adjunct to fusion as compared to a legally marketed predicate device. Please be advised that
prior to initiating a clinical trial in the US, you must submit an investigational device exemption (IDE)
application for review by the FDA.

Materials:
The sponsor seeks clearance for Satellite Devices manufactured from medical grade PEEK-OPTIMA LTI.
These devices also have tantalum markers.

Reviewer Comments:
The sponsor has not provided sufficient material information. The sponsor should ident(/ji a predicate
device that utilizes the exact same material processed in exactly the same manner.

Deficiency:
You state that the subject devices are manufactured from PEEK-OPTIMA LTI with tantalum markers.
However, you have not provided any specific information on the materials. Please provide the
manufacturer of the material and any standards to which the materials conform. It is helpful if you identify
a predicate device which utilizes this same materials in the spine. Then please describe if you have made
any changes in manufacturing techniques used in the predicate that could potentially affect the
biocompatibility of material properties of the device/materials.

Intended Use:
The indications have not changed from the predicate:

The Satellite Spinal System is intended to be inserted between the vertebral bodies into the disc space from
L3 to SI to help provide stabilization and to help promote intervertebral body fusion. This internal fixation
device is intended for, and design solely for holding bone parts in alignment while they heal. The Satellite
Spinal System is intended to be used with bone graft.

Sterilization:
The following instructions are provided in the package insert:

"Unless marked sterile and clearly labeled as such in an unopened sterile package provided by the
company, all implants and instruments used in surgery must be sterilized by the hospital prior to use.
Remove all packaging materials prior to sterilization. Only sterile products should be placed in the
operative field. Unless specified elsewhere, there products are recommended to be steam sterilized by the
hospital using one of the three sets of process parameters below:

Method Cyc Temperature Exposure Time
Steam Pre-vacuum 270°F (132°C) 4 minutes
Steam Gravity 250°F (121°C) 30 minutes
Steam Gravity 273F (134 0C) 20 minutes

Wi'
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Reviewer Comments:
The device will be supplied sterilized via gamma sterilization that is identical to the previously cleared
device.

Labeling:
Draft Package Label:
The draft package label is adequate and contains:

* Company Name, Address, Phone ft
* Device Name, Size and Quantity
* "Sterile" and "Sterility is assured only when package is undamaged"
* Material Name

*Ref 9and Lot#

Draft Package Insert:
The draft package insert contains the following:

* Product description
* Contraindications, Possible Adverse Events, Warnings
* Operative Instructions
* Packaging, cleaning and decontamination
* Sterilization
* Product complaints information
* Company Name, Address and Phoneft

Testing:
The sponsor performed two tests on the subject devices: push out testing and subsidence testing.

Worst Case Rationale: The sponsor tested the 10mmr implants as they are the smallest PEEK size available,
thus making it the worst case size in subsidence, but perhaps not pushout.

Push-Out Testing
Methods-

Results-
Specimen Peak Load (N
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S.D. 3.5

Reviewer Comments:

 

Subsidence Testing:
Methods-
Five 10amm PEEK implants and five 10amm CoCr implants were tested. The implants were placed between
two Grade 15 bone foam blocks. The foam blocks were pushed together at a rate of 10amm/min. "The
foam blocks were compressed together at a rate of 10mm/min until a visible subsidence had occurred.
Subsidence is normally evident in load-displacement graphs when the load has ceased to increase with a
corresponding increase in displacement. This load "plateau" is indicative of the implant subsiding into the
foam blocks. However, the Satellite implants never attained a load plateau, so the test continued until
contact occurred between the foam blocks."

Results-
Specimen Peak Load (N)

Reviewer Comments:

Risk Assessment:
This document was originally a Special 510(k) so the sponsor su plied the following risk analysis:
Change Risk Verification Acceptance Results of

Criteria Verification
Change in material Material change Subsidence test Subsidence and Testing
from cobalt could negatively and Push-out test Push-out Tests demonstrated that
chrome to PEEK impact subsidence of 10mm PEEK must demonstrate PEEK was greater

or push-out. (worst case) and PEEK device to be in Subsidence
10mm Cobalt substantially 

__________________ ~Chrome (worst equivalent to 
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case) predicate resistance
SATELLITE than predicate
device. SATELLITE

device.

Reviewer Comments:
The sponsor has not identified all of the potential risks in switching the device material from CoCr to
PEEK. As with any cage or VBR, the sponsor should address the risk offailure in static compression and
compressionfitigue. Given the design of the product (a sphere) and the fact that it is not intended to resist
torsional loads, I do not see a needfor static torsional or torsional Ittigue testing.

Deficiency:
3. You have provided results of subsidence testing and push-out testing of your worst case PEEK device

as compared to the pre-amendments cobalt chrome device. We believe that these two tests do not fully
pre-clinically address all of the potential risks that come along with changing the device from cobalt
chrome to PEEK. We believe that the PEEK device could fail at lower compression loads (static and
fatigue). In addition, we believe the PEEK device could be subject to excessive wear as the vertebral
endplates move with respect to one another. Therefore, please:

c. Provide results of static and dynamic compression testing of the worst case PEEK device.
Please provide results of this testing to a legally marketed predicate device and provide a
physiologic rationale for the strength of the device in static compression and compression
fatigue.

d. Provide results of wear testing on the worst case PEEK device. This test should mimic the
abrasion of the vertebral endplates against the device under worst case physiological loads
and motions. If your device produces an excessive amount of wear, you may need to perform
an animal study to demonstrate that the amount, size and morphology of the PEEK wear
debris is acceptable. However, if the device produces minimal wear, you may be able to
validate the results with literature.

Predicates used to support of SE:
The sponsor references the unclassified, pre-amendments Satellite Spinal System (K05 1320) as a predicate
for the subject PEEK devices. The following comparison chart was provided:

Predicate SATELLITE device Subject SATELLITE device
Intended Use/Indications for Use To help provide stabilization and Identical

to help promote intervertebral
body fusion. This internal
fixation device is intended for,
and designed solely for holding
bone parts in alignment while
they heal.

Implant Size Range 9.5mm - 19mm Inclusive - 10mm 16mm
Levels of Attachment L3-S1 Identical
Surgical technique Anterior Approach Identical
Material Cobalt Chrome PEEK-Optima LTI/Tantalum
Sterilization Method Gamma Identical
Fundamental Scientific Tech. Spherical implant inserted into Identical

the disc space.

End of Review (JHP)
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Form for Converting a Special 5 10(k) to a Traditional or

Abbreviated 5 10(k)

Date: 3/2/06

Reviewer: Jonathan Peck

5 10O(k) Number: K060415

Device Name: Satellite Spinal System

Reason for Conversion: The Satellite Spinal System is unlsiedpr-m detsThsosr

is no pooigaca eintemtraoftedvctoPE.Snewhvenot seen a device of

and therefore, the plcainjntaprpit frte pca 50k porm

Division Director Concurrence/Name: (Please get this before calling or e-mailing POS)

Date of POS Concurrence (please document P05 contact):

Hearther Rosecras Concurred ~on 3/2/06. An email ~docum~entingthis is ~attache~d

Date of Phone Conversation: Isoewt e rn n32/5

***Please add this to the rile
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Peck, Jonathan H
From: Shulman, Marjorie G.
Sent: Thursday, March 02, 2006 11:07 AM
To: Rosecrans, Heather S.; Peck, Jonathan H; Melkerson, Mark N.; Stevens, Ted
Subject: RE: Converting K060415 - Satellite Spinal System to a Traditional

Hello,

I have converted the 510(k) and the new (90th day) due date is May 18, 2006. Please let me
know if you need anything else.

Marjorie

Marjorie Shulman
Premarket Notification (510(k)) Staff
(301) 594-1190 x 132
email: mariorie.shulman~,fda.hhs.qov (please note new email address)

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO
WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS
PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE
UNDER LAW. If you are not the addressee, or a person authorized to deliver the
document to the addressee, you are hereby notified that any review, disclosure,
dissemination, copying, or other action based on the content of this
communication is not authorized. If you have received this document in error,
please immediately notify us by email or telephone.

From: Rosecrans, Heather S.
Sent: Thursday, March 02, 2006 10:17 AM
To: Peck, Jonathan H; Melkerson, Mark N.; Stevens, Ted
Cc: Shulman, Marjorie G.
Subject: RE: Converting K060415 - Satellite Spinal System to a Traditional

Perfect, this can be converted.

Heather S. Rosecrans
Director, 510(k) Staff
Office of Device Evaluation
Center for Devices and Radiological Health
U.S. Food and Drug Administration
(301) 594-1190 x143
Heather. Rosecrans-,FDA. HHS.qov (Please note new email address)

This email message is intended for the exclusive use of the recipient(s)
named above. It may contain information that is protected, privileged, or
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confidential, and it should not be disseminated, distributed, or copied to
persons not authorized to receive such information. If you are not the
intended recipient, any dissemination, distribution, or copying is strictly
prohibited. If you think you have received this email message in error,
please email the sender immediately.

From: Peck, Jonathan H
Sent: Thursday, March 02, 2006 10:14 AM
To: Rosecrans, Heather S.; Melkerson, Mark N.; Stevens, Ted
Subject: Converting K060415 - Satellite Spinal System to a Traditional

 

     
     

   
    
 

  

Jonathan Peck
Mechanical Engineer
FDA/CDRH/ODE/DGRND/Orthopedic Devices Branch
9200 Corporate Boulevard, HFZ-410
Rockville, MD 20850
Phone: (301) 594-2036 Ext 122
Fax: (301) 827-4349
Email: ionathan.peckcfdahhslov

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT ISADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND
PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a person
authorized to deliver the document to the addressee, you are hereby notified that any review,disclosure, dissemination, copying, or other action based on the content of this communication is notauthorized, If you have received this document in error, please notify the sender immediately by e-
mail or phone.
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510(k) "SUBSTANTIAL EQUIVALENCE"
DECISION-MAKING PROCESS

Descriptive information De New Dvice Same Do the Differences Alter the Intended Not Substantially

about New or Marketed Indication State,, i.herapeutic/Diagnostic/etc Effect YES Equivalent Determination
(in Deciding, May Consider Impact ot

YES Safety and Effectiveness)?**

e,)¢vice Has Same Inl ded NO
ise and ay be "Substantially Equivalent" #

New Device Has

35 ~~~~~~~~~~~~~~~New, hltendcd Use

Does 4e Device Have Sat
Teem nlogical Characteristi s, NO Could the New
e g esign, Materials, etc # Characteristics Do t

YESAffect Safety or Raise New Types of Safety YES 0
Effletivness? or Ef ctvnss Questions?

[Are ile Djriptive
~Chma-ateristic/ recisc Enough

toEs uivalenee?4

NO
--Are I icr rna ncc Data

As~~~~~~ Do Accpte Siii::cientifi'c ~Avails e t Asses Eqivalence' YES methods Eis~t foi
Assessing Effects of N(

the New Characteristics?

YES
/ YES

Pe lin, anst Are Perforiance Data Available NO

ID)sita Required To Assess Effects of New
Characteristics? **]

Pfiierfbiinanccl )aia Demonstrate nllon a)aa onstrate

£qui valence? IC0 _ .· ic
YES Y I S NO

' Su bsiaintially lsqiivalent"
III t I~~~~~~~~~~)eiernidlat ion/

I/0(k) iiiiils'OnIs c..iupile new de\:lcvi1cesin markcted dievices FDA requests additional inlfrmation itlhe rCLatioishlp bctseci

iiarketCd slld prcedicate (,ie-Amendeiiuts or reclassified posi-Anicndmlents) devices is uncleiar

I hIs decision is noroinaliv ased (1 on desenp)iie infm ...ation alone, but linitcd testing iniormationiis sometie r, vcqii,,il

)aia malhc LI ithc ie 10(k) ilher 50t(ks. ilhe Centers cluissilication liles, or the literature
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DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration
center for Devices and
Radiological Health
Office of Device Evaluation
Document Mail Center (HFZ-401)
9200 Corporate Blvd.

October 02, 2006 Rockville, Maryland 20850

NEDTRONIC SOFAMOR DANEK 510(k) Number: K060415
1800 PYRAMID PLACE Product: MODIFICATION TO:
MEMPHIS, TN 38132 SATELLITE SPINAL
ATTN: RICHARD TREHARNE SYSTEM

The additional information you have submitted has been received.

We will notify you when the processing of this submission has been
completed or if any additional information is required. Please
remember that all correspondence concerning your submission MUST
be sent to the Document Mail Center (HFZ-401) at the above
letterhead address. Correspondence sent to any address other than
the one above will not be considered as part of your official
premarket notification submission. Also, please note the new
Blue Book Memorandum regarding Fax and E-mail Policy entitled,
"Fax and E-Mail Communication with Industry about Premarket Files
Under Review. Please refer to this guidance for information on current
fax and e-mail practices at www.fda.gov/cdrh/ode/a02-01.html.
On August 12, 2005 CDRH issued the Guidance for Industry and FDA Staff:
Format for Traditional and Abbreviated 510(k)s. This guidance can be
found at http://www.fda.gov/cdrh/ode/guidance/l567.htm1. Please refer
to this guidance for assistance on how to format an original submission
for a Traditional or Abbreviated 510(k).

The Safe Medical Devices Act of 1990, signed on November 28, states
that you may not place this device into commercial distribution
until you receive a letter from FDA allowing you to do so. As in
the past, we intend to complete our review as quickly as possible.
Generally we do so in 90 days. However, the complexity of a submission
or a requirement for additional information may occasionally cause
the review to extend beyond 90 days. Thus, if you have not received
a written decision or been contacted within 90 days of our receipt
date you may want to check with FDA to determine the status of your
submission.
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If you have procedural or policy questions, please contact the
Division of Small Manufacturers International and Consumer Assistance
(DSMICA) at (301) 443-6597 or at their toll-free number (800) 638-2041,
or contact me at (301) 594-1190.

Sincerely yours,

Marjorie Shulman
Supervisory Consumer Safety Officer
Premarket Notification Section
Office of Device Evaluation
Center for Devices and

Radiological Health
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Medtruni{ So)fanioi lanek

Medimnic CONFDENTAL m
SOFAMOR DANEK urn. mu. 313

Regulaiorv Affairs IDeparlrncrt MI~09 65
September 28, 2006

Document Control Clerk
Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
Document Mailing Center (HEZ-401)-
9200 Corporate Blvd., Room 20N §
Rockville, Maryland 20850

ATTN: Jonathan Peck

Re: SATELLITET' Spinal System - K060415

Dear Document Control Clerk:

On April 27, 2006 we received a request from the reviewer for additional information regarding

the SATELLITE TM Spinal System, 5 10(k) submission (KO604 15) currently being reviewed by the

agency. A teleconference was held on May 5, 2006, during which these issues were discussed.

This letter contains our formal response to the agency's questions. The reviewer's questions are

presented here in bold text while our responses follow in normal text. Along with one hard copy,

an electronic copy is also included on a computer CD.

1. You propose the addition of spheres manufactured from PEEK-OPTIMA LT1

to the Satellite Spinal system. This system has unique geometry as compared to

other legally marketed fusion devices and you have not provided clinical

information on the safety and effectiveness of this device as an adjunct to fusion.

You have provided data from two bench tests, subsidence and push-out, which

demonstrate that the PEEK SatelliteTh Spinal System performs differently from

the cobalt chrome predicate. The overall effect that this change in material

could have on the performance of the Satellite' Spinal System is not well

understood and therefore cannot be fully described pre-clinically. Given ourjQ

limited knowledge of how this device will perform in vivo, we believe clinical '

data are necessary to assess the affect this material change will have on the

CONFIDENTIAL
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CONFIDENTIAL
performance of the device. Therefore, please provide clinical data that

demonstrate equivalence in terms of safety and effectiveness of the PEEK

SatelliteTM Spinal System for the indications sought. Please be advised that prior

to initiating a clinical trial in the United States you must submit an

investigational device exemption (IDE) application for review by the FDA.

We are confused by the FDA's question. The geometry of the subject device is

identical to that of the predicate SatelliteTM spheres, which in fact represent a legally

marketed fusion device -See K05 1320. Therefore, the FDA has previously

determined this device (from a geometry standpoint) to be safe. Regarding the PEEK

material, the FDA has a long history of clearing PEEK versions of titanium fusion

devices - both Class II and Class HIII without clinical data. Class II devices include

multiple clearances for the VERTE-STACK Spinal System, as well as PEEK rods

used in conjunction with metal implants in the CD HORIZON® Spinal System,

while Class III devices include the PEEK LT-CAGETM PEEK Lumbar Tapered

Fusion Device (P970015/Supplement 22 - Approved 09/10/03 ).

The LT-CAGET M PEEK Lumbar Tapered Fusion Device was cleared for use from

L2-Sl1 with bone graft via an anterior approach. The subject device is cleared for

fusion procedures from L3-Sl1 with bone graft using an anterior approach. The

VERTE-STACKTM Spinal System devices are to be used with bone graft and

supplemental fixation from T1-L5 and can be implanted via either an anterior or a

posterior approach. The purpose of all three systems is identical as all are intended to

help promote fusion. Clinical data was never required to obtain clearance of any

VERTE-STACK T M Spinal System device, the CD HORIZON® Spinal System, or the

LT-CAGETM PEEK Lumbar Tapered Fusion Device, all of which have more

demanding and broader indications than the subject device.

Mechanical testing results including static axial compression, static shear

compression and dynamic axial compression for the predicate device were provided

to the FDA, however, it should be noted that in nearly all test methods the titanium

version of the cage outperformed its PEEK counterpart. Despite this, the FDA had no

qualms regarding the granting of clearance without clinical data.

CONFIDENTIAL Lb
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[ON~IFIDENTIAL
Additionally, to better compare the subject SATELLITETM device to its cobalt

chrome counterpart, push-out and subsidence testing of the devices for both materials

was performed. The purpose of the test was to determine that subsidence properties

and push-out resistance of the 11mnm PEEK implants and compare those to the 11Imm

diameter cobalt chrome devices. The in vitro subsidence testing performed was

intended to mimic in vivo inter-vertebral subsidence that could occur while implant.

Push-out testing was designed to represent the amount of lateral posterior force

required to remove the implant from its in vivo vertebral body position.

The test results demonstrated that the subject PEEK implants outperformed its cobalt

chrome counterpart in push-out resistance as the mean peak load for the PEEK

implants was   

In subsidence testing the PEEK implants outperformed their cobalt chrome

counterparts again with the mean peak load being    for the subject

implants compared to  for the predicate implants.

The complete test report (TRO7-156) is provided in Attachment 8' of this response.

During an earlier teleconference with the reviewer it was noted that clinical data on

the original predicate devices the Harmon Sphere and the Femnstrom Ball, were

presented to the agency in the initial SATELLITE Spinal System submission. The

reviewer requested that we resubmit the data for his review. The data is included in

Attachment 9 of this response with certain sections of significance highlighted.

2. You have provided results of subsidence testing and push-out testing of your

worst case PEEK device. The PEEK device exhibited a higher subsidence load

and a higher push-out load than the predicate cobalt chrome device. We believe

that these two tests do not fully pre-clinically address all of the potential risks

that are associated with changing the device material from cobalt chrome to

PEEK. The PEEK device could fail at low compression loads (static and fatigue)

as compared to a legally marketed predicate device. In addition, the PEEK

device could be subject to wear. Therefore, please:

Attachments 1-7 are found in the original submission.
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a. Provide results of static and dynamic compression testing of the worst case

PEEK device. Please compare the results of these tests to a legally marketed

predicate fusion device and provide a physiologic justification showing that

the strength exhibited by the device in static compression and compression

fatigue is adequate.

Fatigue and Static Compression Testing of the subject SATELLITETh device

was conducted at the agency's request. All testing was performed in accordance

with ASTM F2077, Test Methods for Intervertebral Body Fusion Devices, and

the results are presented in TRO7-103, found in Attachment 10 of this

submission.

In determining the worst case device, Medtronic selected the 11Imm

SATELLITErVm implant. At this time we are removing the 10mm implants from

this submission. A revised implant list along with a revised engineering drawing

noting the removal of the 10mm implant is provided in Attachment 11 of this

response.

The purpose of the test was to determine whether the subject device could

withstand  at a load of  The 1500N load was chosen

based upon the FDA document, Guidance for Industry and FDA Staff Spinal

System 5 l 0(k)s" issued May 3, 2004. The test found that the subject implants

were indeed able to withstand the load for the  without

fracture or failure.

b. Provide results of wear testing on the worst case PEEK device. This test

should mimic abrasion of the vertebral endplates against the device under

worst case physiological loads and motions. If your device produces an

excessive amount of wear, you may need to perform an animal study to

demonstrate that the amount, size and morphology of the PEEK wear debris

is acceptable. However, if the device produces minimal wear, you may be

able to validate the results with the literature.

CONFIDENTIAL
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CONFIDEWN]A
All static compression and compression fatigue testing was performed in

solution. The test devices were weighed prior to testing and then re-weighed at

the conclusion of testing. The tests found that the implants actually gained weight

during testing. Therefore, it was determined that no excessive amounts of wear

debris were generated during testing.

The long-term mechanical integrity of PEEK spinal devices has also been

demonstrated in independent published reports. An article published in the

February 2006 issue of The European Spine Journal addressed this very question.

In this study the authors noted that "the influence of a physiological environment

on the mechanical stability of PEEK has not been reported. Furthermore, the

suitability of the polymer for use in highly stressed spinal implants such as

intervertebral cages has not been investigated." In order to study these devices

the authors conducted compression tests to compare PEEK-OPTIMA devices to

their titanium counterparts. The authors concluded that the "results verified the

mechanical stability of the PEEK-OPTIMA polymer in a simulated physiological

environment and over extended loading periods. Finite element analysis

supported use of PEEK-OPTIMA for load-bearing intervertebral implants." A

copy of the article is included in Attachment 12 of this response.

3. You state that the subject devices are manufactured from PEEK OPTIMA-LT1

and tantalum. However, you have not provided any specific information on the

materials. Please provide the manufacturer of the materials and any standards

to which the materials conform. Please identify a predicate device which utilizes

these same materials in the spine. Then please describe if you have made any

changes in manufacturing techniques used in the predicate that could

potentially affect the biocompatibility or material properties of the device.

The SATELLITETM Spinal System PEEK devices are identical in materials to the

previously cleared VERTE-STACK® Spinal System PEEK components as well as

the CD HORIZON® Spinal System PEEK rods. All of these devices are

manufactured from medical grade PEEK-OPTIMA LT1 described by ASTM

Standard F2026. The Tantalum marker used for this product is made to the voluntary

standard of ASTM F-560 and is identical to the Tantalum material used in the
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C6NFIBEVTA,
aforementioned predicate devices. The VERTE-STACK® Spinal System was

originally cleared by the FDA in K021791 (SE 08/23/02). A gamma-sterilized

version of the product was subsequently cleared by the FDA in K023570 (SE

11/19/02). The CD HORIZON® PEEK rods were cleared in K050809 (SE 06/14/05).

The SATELLITE TM Spinal System PEEK devices and the VERTE-STACK® Spinal

System PEEK devices are manufactured by Medtronic Sofamor Danek Deggendorf

located at WerfstraBe 17, Deggendorf, Germany. Additionally, the SATELLITE TM

Spinal System PEEK devices and the VERTE-STACK® Spinal System PEEK

devices are manufactured using identical processes. Therefore, nothing within the

manufacturing process has been altered that could impact the biocompatibility or

material properties of the subject device.

We believe that this fully addresses the FDA's request regarding this submission. If you have any

further questions regarding this submission, please call me at (901) 396-3 133. You may also

email questions to me at christine~scifert~medtronic.com or to Lee Grant at

lgrant~sofamordanek.com. Notification of clearance of this 5 10(k), or requests for further

information may be sent to Medtronic Sofamor Danek by fax to me at (901) 346-9738.

Sincerely,

Christine Scifert
Group Director, Regulatory Affairs
Attachments
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SOFAMOR DANEK

Design Verification Test Report

TR07-156

Push-out and Subsidence Testing of 11 mm Diameter PEEK and CoCr Satellite

Implants

Testing Performed by 

Prepared By: 

Reviewed By: 

Approved By:. 
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Oppy
vV\;TANB'CKS ~tAKARMOtIAC.-F:7 ." AB

.-qrjed'on, V?:S ANSBCK
* COt HLID!KSVA!l

Tel. 065t;621 50
Postgiro 12 27 36 - 2

000046
Doctor J.A. ftl;yeur M.D.
Suite 14
2.21 Iecl.e Street
TWI'Ct', .lTrd. ! 6 M 3 3 5
CAIADA

Hudiksvall den 22 ;'pril 1973

Dear Dr. Mayetr:

I am delighted to have informations zrom your erprriencer
about steel ball. In may 1970 you wrote abiut 5 operated cases. I wond'.r
if you have done any more operation with stel bs].].?

Before I answer your questions X will give yet' scene in-

formations about me and the steel ball tqetlhod.

1 am headi at r ;enelral sur'icl linic with 112 bee,.
During my education to become a general. surgeon, with special educati.ot
in traumatic surgery, I become a very cereful instrbiction in neurusurEry
durin three years (1946-1949) by professor Herbert Olivecrona ;nd rcs.
professor Olof Sjdqvist in Stockholt. During this time I become very
interested in disceurgery. The discsurgery has take a bit rprt ef mty
time as general surgeon, Decause there is no erthopautdic or neuzrologrical
surgeon in my district. It is 75 miles (Eng-lish) to the neare~t orthr>-
paedic center och ll5 niles to neurosurgery center. I am also expert in
traumatic surg' r., which embrace orthopedic, neurologic, th0Žwcic arnd

abdominal surgery.
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I still trust on this metho with steel bail and

consider that is a rood method Dy operation ruptured and fissured disc.,

But I have not excecute this operation after june1 -970. It depedrls on

that          

         

 

During the summor 1970 I have done a cz'reful Jte

exemination of all patientc who had neon operated with steel ball. Tcerly

195 cases, 207 operation and 267 inserted steel balls in the !uaein.rpi

In the cervical spine I have inserted steel ball ny 12 cases.

9 About complicatione: Q!;')er(-r

Weakness or paresis (dorsifleKion of foot) 2 0,9

Steel ball prolaps or migxatn migration 2 0,7

Discitis or spondylitis 2 0,9

Spinal meningitis 1 0,/~

Wound infection 2 0,9

Death of operation 0 0

t'ligrztion of steel ball occure alwuys three wetkc

after operation and depends on too Qig steel ball. In cases with spor, db-

litis or discitis there was no iniiration and this infection started al--

ways one week aft.r operation. Mifration of steel ball give no NeaKn ss

or paresis und it was very eaisy to take away the steel ball from the

spinal canal.

There is no erosion of vertebrae but the stpll b*!

haos sinking into teh verte.Lbr;,e body, slight 71?", obvious 13' and totaL]'

0,7% and in 12% the hihlit of [he disc has not chanted. This figur.'.~; 4;r

from 164 sLee]. o0i3.t ooser'iea durint" 5-7 y':r,; .f0tvr oT)Žrati.on.

About ro.ults I devid. the case:! it, two o.J'.._,

namely:
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000048

Goup I: Ruptured disc; to this rroup I relate herniated disc, complcte or

incomplete and bnigingr disc thrt in surreon's opinion excert pIre.&t'!--

on the serve root.

Group II: Fissured disc; iritLct degencroted disc, derernerated disc with tear

or chondrosis intervertehrnlis, .issurnrtg of andulus fibrasus.

This cases have no nerve root colpression. Only a fissure in the

annulhr lip;4ment, which give by discography pain of past history

type. It is very important to know thb't discog.raphy also can give

indifferent or unknown pain by injection.

Results:

Ruptured disc: Painless

Totally centrolcases (50) no steel bll

time of observation 5 years 30,'

Steel ball cases (63)
time of observation 1-3 years 84%

time of observation 5:8 years 66%

In back controlcases 40o;'~

steel. bJ.l1 !-3 ya.rs 88%

steel b4..L ~-8 years 73%

no sciatic pain controlcases 50%

steel ball 1-3 years 86%
steel bUll 5-8 years 66%

Fissured disc: Painless

'btally controlcoses (50) osly evacuated disc 12%

time of ooservation 5 years
steel ball cases (79)

time of observtion 1-3 years 54%
time of observation 5-8 years 35%

in back controlcwses 12%

steel. ball caes 1-3 years 60%
5-8 years 38%

no sciatic plin controlcases 20%
stell ball cases 1-3 years 62%

5-8 years 4o%

It is very inlportant to knew the following about my

cases:

1) All of th.r, himve free megioi attention or trnatment

2) All bel'2ens to 14;,tionwl Heazlth Insiur;,nc

3) M~ost of tne cmcp.n hz's ;calso a priV~itU sicknes;s ln-Su'-ranoo

4) Nonody is p'ivpfe ; tJert. I h~ve not h:zd 'xtra incoje cf tHr::

oper;' tion .si hz¥,~ f, ix. d ~l~ry every year ferom the hvspit". irr:
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5. Cases with fissured discs have liz4d to choose betwe!en opjerk~tolvt Or

disablement pension. It means that thit; caseu are very difficult Ust

treated. Before operwtion they have been treated conservative with

physiotblnrapy, othora~~dic cornet and changingr empfloyrenet tVithout: no.

result.

My latest reprint is in U-erirany lnriuaprle but I hope You

can read it or have it translated. Just flow I preppre a morn. exstensive

re~port in English and I should like to h;#ve! it published in a oir nrcr

journal. P~rhaps it can be some difficulties to lr~Ave it pub~is3hed OWIup.

to that Hirsch has throw dirt on my name.

Yours sincerely'

U!f Flernstrbra,M.D.

9 ~~Private Mdress:
Iector UlfFC3.rL
S~rgArden, V~stanbiick
824 00 hudiksvall
Sweden

Adress to the hospitAl:
Doctor Ulf Ferr~strtm
Dept. of Surgery

Ceritral Hosoital
824oi Hudiksvall

Supplement: a reprint from my 1;ist report

OOOO0 19N
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McKENZIE FERNSTRom ARTHROPLASTY

FERNSTROM INTERVERTEBRAL Disc ARTHROPLASTY-
A LONG-TERM EvALuATiON

Alvin H. McKenzie, MD, MWhOrth, ERCS(C)

ABSTRACT

The history of intervertebral disc arthroplasty is patients out repris Ie travail 77% au meme nlveau,
reviewed. The author describes his series of 103 18% & temps partiel ou A no ulveau moindre. Le
patients who underwent Ferustrom intervertebral dilai de reprise dui travail est de 5 mois dans 80%
disc arthroplasties, most of them over 20 years des cas. Seaek 1 des 155 prothses a dfi 6tre retir&e
ago. Patients were grouped according to original TRanslated by Patricia Thoretcx. MD
pathology: Group I (disc protrusions) and Group
H (degenerative disc disease). Shxty-seven patients
constituted a long term series reviewed between 10 Der Autor glbt elnen fleberbiek fiber Ersatz
and 20 years alter surgery (average: 17 years). operationen an den Bandscheiben (Fernstrom-
Selection of patients and surgical methods are Verfahren). Es wird fiber eine Serie von 103
described, and subsequent surgery Is recorded Padienten berichtet, die meist vor fiber 20 Jahren
and analyzed. Methods of assessment of results are einen intervertebralen Diskusersatz; nach Fern-
detailed. Results of surgery in Group I patients strom erhalten batten. Die Patienten warden)) and Group II patients in the long term series were aufgrund der ursprfingichen Pathologle in zwei
graded excellent or good in 83 % and 75%, respec- Gruppen aufgeteiit: Gruppe I (Diskus-Protru-
tively. Ninety-five percent of all patients returned sion), Gruppe 1U (Diskus-Degeneratlon). 67 Pa-
to work: 77% to their preoperative level, and 18% tienten konnten zwischen 10 and 20,Jahren nach
to light or part time work. Return to work of 80% der Operation evaluiert werden (Durchsclrnitt: 17
of the patients occurred by 5 months after surgery. Jahre). Die Ausnahl der Patienten and die opera-
Only l ot 155 prosthesis required removal. tive Techmik wird beschrieben end anallysiert.

* ~~~~~~Beurteilungskri terien cud Resultate werdende
talflert erwihnut. Die Langzeltergehnisse ergaben

L'historique de l'arthroplastie du disque in- sebr gate und gute Ergebuisse in 83% (Gruppe I),
tervert6bral est passie en revue. L'auteur prdsente respektive 75% (Gmuppe UI). 95% aller Patientsn
tine sable de 103 patients ayant bdnfllci4 d'une konnten ihre Erwerbstfitigkeit wieder aufnebmen,
arthroplastie dun disque Intervertibral selon FERN- 77% in ihreni angestanminen Beruf and 18% in
STROM, la plupart plus de 20 ams auparavant.. einer Ielchteren Tfitigkeit oder in Teilzeltarbeit.
Las patients ont dt subdivlsks selon la pathologie Die Wiederaufuahme der Arbeit erfolgte im Sch-
initiale: groupe 1 (protrusion discale) et groupe 2 alitt S Monate nach der Operation. Bisher nmusste
(pathologie discale digdn6ratlve). 67 patients ant nur clue von 155 Diskus-Prothesen eutfernt wer'
Wlreves avec un recul post-op~ratoire moyen de den.
iQ A 20 ams (recual moyen: 17 ams). La sklection des TRanslated by Niklaus F Friederich, MD
patients et Its mdthodes chirurgicales sont d~rtea
et les geates chirurgicaux sont notes et analysts. La
m~tbode d'Evaluatlon des rtseltats est dttalllte. Se revisa la historia de la artroplastia del disco
Les rtsultats & long terme pour les groupes 1 et 2 Intervertebral. El actor describe su serie de 103
out 6t6 cotis excellents et borns dams respective- paclentes que sufrieron artroplastlas de disco
uenut 83% et 75% des cas; 95% de l'ensemble intervertebral de Fernstrom, la mayor parte de

ellos hacia 20 afios. Los pacientes fueron agrupa- -C
_________________________________ dos de acuerdo con la patologfa original: Grupo I 0 0E0 u C)

NN Clinical Profsson, Department of Sur- (protrusiones discales) y Grupo U1 (enfermnedad) gery, University of Alberta (Royal Alexandra Hfospi- degenerativa discal). Sesenta y siate padientes
t al,) Edmonton, Alberta, Canadat constituyeron una serie a largo plazo, revisados

Rep rint requests: A.H. McKenzie, MD, MChOrth, entre 10-20 atls despus de la intervencitn (media:
FRCS(CA 303, 10106-111 Aye, Edmonton, Alberta 17 afios). Se describe Ia seleccidn de los pacientes y4(1
TSG 0814, Canada. las ticnlcas qulrdrgicas, yi lairugla posterior es
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registrada y analizada. Se detallan los mtoedos de
valoracl6n de resultados. Los resultados de la
dragfaenpacienaesdelGrupolydelGrupoHen 5tlI2 0 Clft t:lxk> AZ -
la serle a largo plazo, fueron callficados cmo meJf6i 1 0 3EPIe--= WC
excelentesobuenosenun83% y75% respectiva-. o) , j t , *
mente. El 80% de los padentes volvieron al
trabajo 5 meses despuis de la cirugia. Solo Ide OZ-CA,- 'I{kLL z: 9'AP--f I (41M4
cada 155 pacientes neeesitaron extraecid6n. g8) 9kA-l'II (*Nti:S ) '02Rf

Translated by Antonio SaezMD -*Z 6 7,4!l± MOs'U-Xr, g

· AI I Aq:& I 0 7)' 2 0 (W
Viene riportata la storks delta protesi del disco it' 1 7 ) T-2t:,, t OiR41VTf <
intervertebrale. L'autore ziporta uno serie di 103
pazienti dhe sono start operati con protest di
Fernstrom del disco intervertebrale, la maggio- , ~'ttZ0 #®')]{ t:
ranza di quesi operat da oltre 20ann. I pazienti 9 -I Ž -
sonostati raggruppat secondo la patologla: Gruppo
I (protrusione discale) e Gruppo IT (malattla ilI
degenerativa del disco). 67 pazieni formanoun t: ] AL NMItztc7l. tWIt t- s L .6 L' 8 3 %
gruppocostituitodapazientioperatida10-20anni l 7 5 J )9 5%l±{t$
prima (media 17 smal). Sono descritti vi criteri di
selezione dei pazienti ela metodiche chirutidche. i=-14 Li.t 7 7% l±#t* 1flO9 1-<A,4:.
Thtti questi dadt sono inoltre registradi ed analiz- 1 8 % I{ { ].,: tc r- {- ' 4~ A9 t$
zad. I metodi di valutazione del risultati sono
discussi in dettagilo. I risultati della chirurgia net
Gruppo Ie net Gruppo H sono stati rispettiva- P :CT:f$i7itJrI L U: 0 1 5 57'~
mente eccelleni e buoal nel 83% e nel 75% del -i4'- 5t it otV, L.'T' - ') , 69'} ~1 ~]9 ~7 ,5 *;~ k,~ r L Lcasi. H 95% dei pazienti sono ritornati at lavoro:
77% at Ioro lavoro prima dell'intervento, 18% ad
un lavoro pit leggero o ad uno part-time. II ritorno 7-anslared by Katsuji Shimizu, MD
at lavoro i avvenuto entro 5 mesi nell 80% del
pazienti. Solo I protesi so 155 i stata rimossa.

Translated by Pier Giorgio Marchetti, MD

U

Ar of preserving or restoring ses require anterior approaches to the spine and
stability or function at the interverte- may have morbidity factors common to those of
brat level have been debated and anterior spinal fusion.
a many years. Interbody Vitallium Armstrong s suggested that the plane of in-

spheres were used successfully as early as 1957 tervertebral movement could be described ap-
by Paul Harmon in place of a fibular cylinder as proximately by the movement of contiguous
an aid to stabilizing the intervertebral disc space vertebrae over a small ball located in the nucleus
and augmenting interbody fusion.' In 1964, pulposus recess. He and Roaf9 observed that
intercorporal steel balls were used as a form of compressive forces on the vertebrae may cause
arthroplasty of the lumbar and cervical spine by the nucleus pulposus to act like an incompressi-
Ulf Femstrdm of Uddevalla, Sweden.2 Subse- ble sphere and, in fact, could cause the vertebral
quently, Hjalmar Reitz3 carried out Fernstrdm end plates to collapse, with the nucleus pulposus
procedures and also attempted to replace the prolapsing into the vertebral bodies while the
intervertebral disc in the cervical vertebrae with nucleus and annulus remained intact.
steel hemispheres and Silastic prostheses. More Fernstrdm anticipated that postdiscectomy
recently, silicon Dacron implants have been interposition of properly sized steel balls in the
tried on animal models with difficulty, 4 and nuclear recesses between the vertebral bodies
other elaborate models have been suggested. 5 would maintain a semblance of the normal
John Kostuik recently has described a spring intervertebral relationship and motion while
loaded, double-plated hinge that he has been preserving stability through ligamentous ten-

Oct~,. [ uigaanitr eebadicsbtuten-anusing as an intervertebral disc substitute, and sion on the annulus. Relative normalcy at the
Buttner-Janz et al have developed their SB operative level seemed likely to reduce adverse
Charity endoprosthesis. 7 Some of these prosthe- effects on adjacent vertebral levels. Fernstr6m
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JI Fig l A: Lateral view lumbar spine preoperatively Fig 1 B: Same patient, 1 year
(patient 32). postoperatively.

Fig 1 C: Same patient, 1 7 years
postoperatively.

anticipated that there probably would be some
subsidence of the steel balls into the vertebral
bodies in the course of time, but he believed that
this process would be slow enough for the
ligaments and joints to adapt. In the event of
facet joint problems developing and the need for
fusion occurring, an interposed metal sphere
would not hinder the fusion.

Twenty-five years ago, surgical solutions for
spinal disorders consisted of discectomy, fu-
sion, or a combination of the two and were
frequently unsatisfactory. Often, nonsurgical so-
lutions were equally disappointing. Whether the
causes of failure were related to patient selec-
tion, erroneous or incomplete diagnoses, or
operative selection, the need existed for better
solutions. Diagnostic methods were pursued to
the limit of available technology. Patient selec-
tion was based on a somewhat vague "wariness
index," which varied from surgeon to surgeon
depending on his or her training and experience'
Beyond that, the patient selection for surgery
depended primarily on the results of history,
physical examination, plain radiographic films,i) myelography, and occasionally discography Fail-
ures of discectomny seemed related to recurrent 

' ,r
disc protrusions, protrusions at new levels, diagnosis rarely was accepted by the orthopxdic U0U005 U
instability, fibrosis of nerve roots and cauda community. L L
equina, and facet arthritis. Spinal stenosis as a The author's experience with steel ball arthro-
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Fig 2B: AP view, single nuclear recess (patient 9,
J Table 1 19 years after initial surgery).

Long-Term
Total Series Series

(103 patients) (69 patients)

Category No. % No. %

Grou p I (disc protrsions) 44 43% 29 42%
Group It (degenerative disc disease) 59 57% 40 58%

Fig 2A: AP view, double nu-

clear recess at 14-L5 (arrows)
(Patient 63).

9~~~~~
deleted from the study. Sixty-seven of these
patients were observed on a long-term basis
(range, 10 to 20 years; average, 17 years)
through questionnaires, interviews, physical
examination, radiographs (Fig 1A-C) and, in
some cases, radionuclide bone imaging. Bone
imaging obtained in 10 randomly selected long-
term follow up patients did not show any
reaction about the prostheses, and the results are

plasty began with his attendance at Ulf Fern- not otherwise tabulated. The 67 patients who
strom's clinic in Sweden in 1969 to see his underwent in-depth review hereafter will be

patients and participate in some of the operative referred to as the "long-term series." The total

procedures. The first report of my own series of assessed patient population of 103 patients
Fernstrdm procedures, with commentary by hereafter will be referred to as the "total se-
Paul Harmon and Ulf Femstrdm, took place at ries."
the 1971 Canadian Orthopedic Association meet- Patients were subclassified into two main
ing in Jasper, Alberta.' 0 This report reviewed groups (Table 1):
the early results of the procedure in 40 patients, Group I: Patients whose primary reason for
half of whom had acute disc protrusions, and surgery was one or more intervertebral disc
half of whom had disabling degenerative disc protmsion(s), who had not responded to con-
disease. Excellent and good results seemed to be servative treatment, and who had sciatica,
developing in 85% of the surgically treated appropriate neurological deficit, and positive
patients, with poor results in 6%. correlation with myelography. These consti-

tuted 44 of the 103 in the total series (43%)9 ooOO ~ MATERIALS AND METHODS and 29 of the 69 in the long-term series (42%).
Patient Population and Classification. The Group OI: Patients who had not responded to

study included 103 patients; two patients lost to conservative treatment, who suffered primarily

follow up early in the postoperative period were from degenerative disc disease or postdis-
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Table 2

Group 1 Group II
Initial No. New-Level Final No. Initial No. New-Level Final No.
Fernstrom Ferostrom Fernstrom Fernstrom Fernstrom Fernstrom
Procedures Procedures Procedures Procedures Procedures Procedures

TS* LTSt TS LTS TS LTS TS LTS TS LTS TS LTS

One-Level Fernstrom Procedure
L3-L4 I I I I 4 2 I 1 3 1
L4-L5 19 15 16 13 9 6 I 1 7 5
L5-SI 19 10 2 1 19 10 10 5 1 9 4
Other 2 1 2 1

TWo-Level Fernstrom Procedure
L3-L5 3 2 4 3 4 3 5 4
L4-SI 2 2 4 3 24 17 1 1 25 18
Other 3 3 I 1 3 2

Three-Level Fernstrom Procedure
L3-SI 3 4 4 4
Other

Four-Level Fernstrom Procedure
L2-SI I 1

Total 103/69 44 29 3 2 44 29 59 40 5 4 59 40
Patients

Total 155/110 49 33 3 2 52 35 96 69 7 6 103 75
Levels

= Total series
t = long-erm series

cectomy states with associated facet arthritis
and/or instability, and who were candidates
for spinal fusion. Most had disc ruptures with.
positive symptomatic discograms. These con-
stituted 59 of the 103 in the total series (57%)
and 40 of the 69 in the long-term series (58%).
Patient Selection, Surgical Method, and

Follow-Up Care. Aside from the clinical cri-
teria mentioned in the patient groups, certain
anatomical requirements evolved as experi-
ence was gained with the procedure. Moder- Fig 3 Fernstrom nstruments
ately advanced lumbar spondylosis with facet
arthritis usually precluded a favorable out- to accommodate the cauda equina and the graduated discspacecurettes
come for the Fernstrdm procedure. Radio- steel ball, the associated nerve roots had to be (lower right); punches (lower
graphic evidence of a double as opposed to a mobile enough for their safe retraction and center); sizers (lower left);
single nuclear recess (Fig 2 A-B) was an protection. Severe intervertebral disc narrow- selection of acid-resistant
unfavorable feature. Single recesses allowed ing not associated with marked facet joint coated steel balls (upper left);
for proper centering of the prosthesis, whereas changes was not a contraindication to Fern- ring forceps (upper right);
double recesses predisposed to postoperative str6m arthroplasty if the intervertebral space
scoliosis. Double recesses could be converted could be restored by the use of progressively measuring caliper (center).
to single ones by curettage, but this would be larger Fernstr6m sizers. In fact, disc space
accompanied by infraction of the cartilagi- distraction often seemed to overcome instabil-
nous end plate of the vertebral bodies and ity associated with disc space collapse. The
could lead to migration of the prosthesis into operative procedure required standard in-
the bone. The width and volume of the spinal struments for lumbar discectomy plus a large
canal could be estimated from the review of Cloward spreader used between the spinous
radiographs, but the final decision about the processes to increase the posterior interverte-
adequacy of the spinal canal for safe introduc- bral disc opening. These instruments were
tion of the prosthesis was made at the time of augmented by a set of Fernstr6m graduated 00065.1
surgery. In addition to adequate canal volume disc space sizers, a set of graduated hem-
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Table3 3

Total
Discectomy Same-Level Same-

Same- and Decompression Same- Prosthesis Level
Procedure and Level Prosthesis Same-Level and Level Removed Secondary
Group (I or II) Discectomy Exchanged Decompression Fusion Fusion and Fusion Surgery

One-Level Fuerstrom Procedure
L3-L4 I (I)*
L4-L5 I (I) I (1)
L5-S1 I (1) I (II)t
Other

TWo-Level Fernstrom Procedure
L3-L5 I (1) 2 (1,11) 1 (11)
L4-S 1 3 (II, H. II) 2 (II, H1) 1 (II)
Other I (IH)

Three-Level Fernstrom Procedure
L3-Sl
Other

Four-Level Fernstrom Procedure
L2-SI I (1I)

Total 103 2 1 7 3 3 1 17
patients

Total 155 2 1 13 8 6 I 31
Levels

(1) or (11) denotes Group I or Group II)*= Postoperative discifis
t = Spondylolisthesis

//

ispherical curdttes, a prosthesis punch, and a strdm curettes was then carefully carried out,
selection of acid-resistant coated steel balls attempting to preserve end-plate cartilage and
ranging in size from 3/8" to 3/4" in diameter especially avoiding removal of any cortical
(Fig 3). bone in the nucleus pulposus recesses. When a

Although Femstr6m did most of his steel ball suitable recess had been developed, Fernstrdm
arthroplasties while the patient was under local sizers were then used to determine the size of
anesthesia, this series of procedures was per- steel ball that would fit snugly in position and
formed with the use of general anesthesia. The feel stable without over-distraction of the disc
patients were positioned prone over lateral torso space. After determination of the size of the
bolsters on an operating table with lumbosacral recess and with the nerve root safely preserved
flexion/extension ability. The operated level medially, the steel ball of predetermined size
was approached through a midline incision, would be positioned over the disc fenestration
bisecting the posterior longitudinal ligament and tapped into the disc space and into the
and interspinous ligaments, with bilateral reflec- nuclear recess by means of the Fernstrdm punch.
tion of all soft tissues. Somewhat more than half Almost invariably, the prosthesis would pop
of the ligamentum flavum on the side of maxi- firmly into place and restore stability to the
mum pathology was removed, and exposure of surgically treated level. Only on one or two
the spinal canal was increased by a moderate- occasions did the steel ball require recovery
sized laminotomy superiorly, inferiorly, and with smooth faced lion-jaw forceps for resizing
laterally. Pathology within the spinal canal was and reseating. When the steel ball was posi-
dealt with and nerve roots were mobilized to tioned, the table would be extended and the
enable their safe retraction. Interspinous separa- interspinous interval allowed to return to nor-
tion usually was enhanced with a Cloward mal. Interspinous ligaments would then be reap-
spreader, which was opened once the nerve proximated with figure eight sutures. Closure
roots were free. The intervertebral disc was would be completed in the usual fashion.

-' , '-' fenestrated adequately to permit thorough re- Postoperative mobilizing and rehabilitation
moval of degenerate disc material with rongeurs was carded out as it would be for a patient who
and irrigation. Graduated curettage with Fern- had undergone routine discectomy. Walkinv 5.
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Fig 4A: Lumbosacral Fernstrom arthroplasty for Fig 48: Patient reappeared indisc protrusion, asymptomatic for 17 years. 1988 with symptoms of L5
stenosis, which responded to
decompression (patient 63).

)~~~~~~~
II patients underwent fusion: 5 for facet arthritis
and I for spondylolisthesis.was encouraged, but sitting in a low seat was Additional procedures also were done at newdiscouraged for the first 3 weeks. Patients levels of the spine in 11 patients (Table 4): 3usually were discharged from the hospital at 3 to new-level discectomies (2 from Group I and 15 days postoperatively, and follow-up physiother- from Group II), 6 new-level decompressions (3apy activities were designed to restore normal from Group I and 3 from Group ID), and 2posture and mobility, and return the patient to new-level fusions (both from Group 11, 1 withlight work by 6 to 8 weeks. Unrestricted activity facet arthritis and I with spondylolisthesis).

was permitted at 3 months postoperatively. Remotely related additional surgery consistedAnalysis of Surgical Procedures. The total of a sciatic neurolysis for posttraumatic sciaticseries of 103 patients who underwent discee- nerve fibrosis, a release of lateral femnoral cuta-tomy and intervertebral steel ball arthroplasty at neous nerve for meralgia paresthetica, suboccip-155 levels were reviewed (Table 2). Ninety-five ital neurolysis carried out elsewhere, and aof the 103 patients had one-stage surgery at 145 coccygectomy
levels, and 8 had a second-stage arthroplasty Spontaneous fusions occurred in 1 Group Iprocedure to extend the surgical levels by 10. patient and 2 Group 11 patients (Fig 5 A-B).After the Fernstr6tm arthroplasties, additional
procedures were carried out at the same level as RESULTS
the Femstr6m arthroplasties in 17 patients (Table Patients underwent a preoperative, early post-3). One prosthesis was removed and a fusion operative, and late postoperative assessmentdone for discitis in a Group I patient. One primarily using a disability or outcome gradingpatient with an undersized prosthesis who had a system similar to one recently suggested bysame-level disc protrusion with shifting of the Greenough and Fraser (Table 5)." As in theprosthesis underwent discectomy with exchange Greenough and Fraser method, a set standardof the prosthesis. TWo other patients from had, to be achieved in all six categories, exceptGroup I were reexplored, and foraminal disc that a drop by one grade in one factor was T:
material was recovered. Same-level decom- permitted. Patients also were assessed physi- C. ;pressions were performed in 2 Group I patients cally for posture, ambulatory ability, range ofand 8 Group II patients (Fig 4 A-B). Six Group motion, muscle bulk and strength, sensory test-
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Table 4

Total
New-Level New-Level

Procedure and New-Level New-Level Decompression New-Level Spinal Spontaneous Other
Group (1 or 11) Discectomy Decompression and Fusion Fusion Surgery Fusion Surgery

One-Level Fernstrom Procedure
L3-L4 I (l) I (a) 2
L4-L5 I(1I) 3 (1, I, 11) 4 1 (1)
LU-SI I (I) 1(11) 2 1'
Other

Two-Level Fernstrom Procedure
L3-L5 I (nIt 1
L4-S1 2 (n, 11) I
Other 1 (I) I (I) 2 1P

Three-Level Fernstrom Procedure
L3-SI 1'
Other

Four-Level Fernstrom Procedure
L2-SI

Total 103 3 6 0 2 11 3 4
Patients

Total 155 3 10 0 2 15 4 NA
Levels

(I) or (11) denotes Group for Group 11
*=sciatic neurolysis, meralgiaparesthetica release, suboccipital neurolysis, coccygectomy
= spondylolisthesis

Fig 5: Spontaneous fusion,

asymptomatic 17 years after

original procedure

(patient 11).

Fig 5A: AP view. Fig 5B: Lateral view.
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Table 5

Pain Visual Sports and/or Rest Required
Analogue Recreational (decreased Sexual Mental Overall

Employment Scale (0-10) Activity endurance) Activity Outlook Result

Excellent (E) Full-time same (N) 0-2 Original None Original Original EGood (M) Full-time light (L) 3-4 Most of original Slight Mildly affected Slighily affected 0Fair (F) Part-rime (P) 5-6 Only a little Moderate Moderately affected Mildly depressed FPoor () Unemployed (0) 7-10 None More than lb day Absent Severelydepresed P

Grading dependent on achieving a set standard in all six categories permtiing a maximumf one grading one level below predominant level.

Table 5A

Ambulatory Spinal Range Muscle Bulk Sensory Stress OverallPosture Ability of Motion and Strength Testing Testing Reflexes Results
Excellent Normal Normal gait Nomal Noma] for age Normal Asymptomatic Normal e

and structureGood Minor list or Minor occa- Slight restric- Minor Minor subjec- Minor positive Slight discrepancy galteration of sional altera- tion, one descrepancy live alteration test atlordosis tion of gait direction extremes
Fair Moderate list Persistent Moderate Measurable Partial segmen- Positive SLR Moderate F

or alteration of minor altera- restriction, wasting and tal numbness greater than alterationlordosis tion of gait more than one weakness 60d
direction

Poor Gross altara- Significant or Significant re- Moderate seg- Complete loss, SLR less than Unilateral absent Ption of posture moderate alter- striction, mor mental wasting one or mor 60'; positive reflex withation of gait than two and weakness segments Lasegue ad] reinforcement
directions or K~emig's

Grading dependent upon achieving a set standard in all seven aegories permitting a ,naximum of rwo gradings, one level below predominant level or one grading to, levelsbelow predominant level.

ing, stress testing, and reflexes (Table 5A). Table SB
These results were used only to confirm the
disability and outcome assessment and were
given less weight than the disability and put- Ia to 4a ito 4 disc levels with normal disc height and no change in facet joints (Fig 6)come assessment. The radiological assessment lb to 4b I to 4 disc levels with minor changes in disc height and minor facet joint(Table 5B) did not affect the final grading but is changes (Fig 7A & B)
enclosed for interest. It measures the relative Ic to 4c I to 4 disc levels with moderate loss of disc height with facet sclerosis and
changes in the disc from normal and follows a spu1ping (Fig sA & B)four-leel gradng systm basedon discheight, Id to 4d I to 4 disc levels witl, marked loss of disc height with stenosis or fusion (Fig 9)

Grour-ee grading syslngterm bseread 7%Gonp dis h0(eight%,7(1% %)4(0%

condition of facet joints, and presence or ab-
sence of stenosis (Figs 6-9). The overall assess-
ment of 103 patients in the total series and 67 Table 6
patients in the long-term series is summarized in
Table 6.

As expected, the Group I patients fared better Excellent Good Fair Poor Totalthan the Group 1I patients, ic, 83% excellent or _______________________________

good in Group I versus 75% excellent or good in Total Series (103 patients assessed)
Group II in the long-term series, and 75% Group I 20 (45%) 13 (30%) 7(16%) 4 (9%) 44 (100%)excellent or good in Group I versus 70% Group 11 14 (24%) 27 (46%) 16 (27%) 2 (3%) 59 (100%)
excellent or good in Group II in the total series. Toa34(%) 0(9) 23 2%) 66) 13(0)
In both Series, most of the fair results were in Long-Term Series (69 patients assessed)Gru ptets n ottup 14 (48%) 10 (35%) 3(10%) 2 (7%) 29 (100%)Groupli 1 l (28%) 19 (47%) 9 (23%) 1 (2%) 40 (100%)were in Group I patients, ie, 7% versus 0 to 3%. Tota 5 (36%) 29 (42%) 12 (18%) 3 (4%) 69 (100%)

The results of assessment of the total series of
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Table 7 Fig 6r Lateral view, 20 years postoperatively
[Grade 2a] (patient 42)

Lighter
Same Full-time Part-time

Employment (S) Work (L) Work (P) Unemployed (0) Total

Group 1 34 (77%) 8 (18%) 0 (0%) 2 (5%) 44
Group II 45 (76%) 10 (17%) 1 (2%) 3 (5%) 59
Total 79 (77%) 18 (17%) 1 (1%) 5 (5%) 103

Table 7a

14

12

t0

Number 8
of
Patients 6

4 *patients at their previous level of employment,
18% at light or part-time work, and only 5% did

2 not resume work. Time of return to work is
0 illustrated in Tables 7A and 7B. Eighty percentI 2 3 4 S 6 7 S 9 O n1 12 13 No0 of the patients were back at work by 5 months

workNumber of Months postoperatively0

DISCUSSION
Table 7b Aspects of the series that probably deserve

further analysis are extension of the Femstr6m
levels to 10 new levels in 8 patients (8%);

24 subsequent same-level surgery in 17 patients
(16%); subsequent adjacent-level spinal surgery

20 in 11 patients (10%); discitis in 4 patients (4%);
and the occurrence of fair and poor results in

Number 16 approximately 25% of the patient population.
of The e ight patients who underwent new-level
Patients 12 Femstr6m procedures were found to have resid-

ual problems that extension of the procedure did
s not always solve. Many of the new or residual

problems that occurred were related to spinal
stenosis, a condition whose existence and rami-U fications were to slowly dawn on the commu-

I 2 3 4 5 6 7 8 9 10 11 2 13 No nityofspinalsurgeonsaftermostoftheFemstr6m
Number of Months Work prostheses had already been in place. As well as

the limited knowledge of the day, the deficien-
cies of the diagnostic tools restricted interpreta-
tion of the extent and nature of preoperative

103 patients are reasonably similar to those of spinal pathology ("You can't see what you
the long-term series of 67 patients. Because of don't know or know what you can't see").
inexact knowledge of the outcome of patients It may be that in a few instances, steel balls of
reviewed less than 10 years after surgery, there slightly greater than optimal size were used, so
was a tendency to downgrade their projected that disc weaknesses at adjacent levels became
results. manifest. Same-level surgery for disc fragments

fl f The'eventual work status of the total series is not peculiar to this procedure but may reflect
also was reviewed (Table 7). Ninety-five per- on the surgeon. Patients with spondylolisthesis
cent of all patients returned to work: 77% of the were not helped by the procedure, nor were
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Fig 7: Flexion-extension
lateral views, 18 years
postoperatively [Grade
1b] (patient 21).

Fig 8: Three-level procedure: outcome excellent but with moderate disc space narrowing and early
facet arthritis [Grade 3c] (patient 89).

Fig 8A: AP view. Fig 8B: Lateral view.

some of those with facet arthritis. In conse- fusion, 13 other patients ultimately underwent
quence, eight patients required spinal fusion. It decompression procedures, 7 at the level of their
is perhaps significant that, of the 59 Group II Femstr6m procedure and 6 at adjacent levels.
patients who were initially totally disabled and Thirty-three of the 44 Group I patients and 42 of
were candidates for spinal fusion, only 5 eventu- the 59 Group fl patients underwent Fernstr6m
ally underwent spinal fusion and the other 3 procedures only.
underwent decompression and fusion. Aside Four of the 105 patients developed postoper-
from the 3 who underwent decompression and ative discitis at one level of the spine. All were
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Fig 9: Four levels solidly
who believed that the procedure had been

fused [Grade 4d] worthwhile was essentially the same as the
(patient 2). return to work percentage, ie, 95%.

CONCLUSIONS
In many ways, the Femstrdm procedure was

probably ahead of its time, insofar as available
diagnostic means often did not reveal pathology
that could interfere with a successful surgical
outcome. None of the complications that devel-
oped in this series seems peculiar to the proce-
dure itself. The steel ball itself has been shown
to be innocuous when properly sized and prop-
erly placed in a suitably prepared intervertebral
disc space. The results in this series were
somewhat better in patients who had disc pro-
trusions in otherwise intact spines, but a high
percentage of good and excellent results were
seen in patients with moderate degenerative
spinal changes and instability, for whom the
alternative treatment probably would have been
a spinal fusion. Femstrbm's procedure probably
deserves future consideration as a means of
augmenting discectomy where instability is likely,
and in assisting management of the patient with
disc-generated pain and instability with early or
moderate facet arthritis. (
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Gentlemen..

Thank you very much for inviting me to meet with you
today and present what I hope will be an informative and
exciting topic.
It is now 36 years since Ulf Fernstrom reported the use of
his steel ball intervertebral disc prostheses in 105 patients
with favourable early results.
This presentation touches on the evolution of
intervertebral disc arthroplasty and the results of a long
term follow-up study of my own series of 103 Femnstrom
procedure patients.

OOO Cw

FOI - Page 151 of 216



Where conservative treatment for the low back pain
had failed, the traditional surgical alternatives were) ~~often a source of disappointment or disaster.

The ideal surgical alternative seemed to be one that
would preserve or restore the normal healthy
intervertebral disc.

Discectomy, fusion, decompression, or some
combination of these procedures did not regularly
achieve normalcy of spinal function..

00006 3 1
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... but offered a host of complications.

)~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ever since Mixter & Barr set surgeons upon discs,
there has existed a need to not only deal with the
effects of discs gone bad, but to find a way to restore
their fuinction.

) 4~~~~~~~~~~~~~~~~~
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The most inventive of these pioneers of disc
arthroplasty was a Swedish general surgeon from
Udevalla University in Sweden, Ulf Fernstrom.

With his steel balls, he successfully used a standard
posterior approach and treated a patient group, 85% of
whom were on frull disability pensions for back
problems from disc protrusions and degenerative
painful disc rupture, usually with instability and
always with positive discograms.

He restored 85% of these patients to gainful
employment.

)~~~~~~~~~~~~~~~~00G0GP
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Arthroptai~ty with inteeorpor.i Endoprohi
hi Heriated Disc and in Painti Di

His first 105 patients were comprised of 50 with
) ~herniated discs and 55 with painful discs proved by

discography.
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His report immediately drew admiration from
California, South Africa and Canada, but aroused a
severe backlash from the Swedish spinal community.
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Paul Harmon had preceded Femstrom in recognizing
the value of the nuclear recess for the use of
uncompressible spheres in the spine.

Initially he used them as a substitute for his fibular
grafts to prevent collapse of the cancellous bone he
used to encourage anterior spinal fusion. In some
cases he left it as a prosthesis.

He told me that he had discontinued the procedure
only because his hospital and insurance company had
been worried about potential litigation.
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h

BUtner-Janz K and t
Schellnack K I f

In South Africa, Reitz & Joubert used a few steel balls
that were small and allowed disc collapse.

They later tried hemispheres and silastic "UFO's" to
retain disc height. Their hemispheres and "UFO's"
were unstable and failed.

Other designs are on trial but long term results are not
in.

-}~~~~~~~~~~~~00'
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Fernstrom stayed with the steel ball for a number of
j ~~reasons ...

) ~~~~~~~~~~~~~~~000071j 1

10

FOI - Page 160 of 216



)~~~~~~~~~~~~~~~~~~

after Armstrong,J.R.:LUMBAR DISC LESIONS
Plane of movement between contiguous vertebrae

The lumbar vertebrae move in relation to each other
round the nuclear fulcrum (the nuclear 'ball-berlngo""

· The plane of movement of one vertebra in
the vertebra below has been likened to that ofan
old-fashioned rocking-horse "B".

Fernstrom's reasons for selecting the steel ball
included Harmon's observation of gaining stability by
restoring tension on the annulus.

He was also convinced that Armstrong's observations
that the nuclear fulcrum could be simulated by a steel
ball in the nuclear recess had been correct for a young
healthy disc.

He knew that in aged discs the centre of motion was
not constant, but he felt that the steel ball could adapt
to minor variations in the centre of motion.

) 000072
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Fernstrom felt that restoration of the nucleus required
an incompressible device. Harmon agreed with this
concept.

They anticipated that the vertebrae could withstand a
steel ball because Roaf had already shown that a
healthy nuclear pulposus was harder than bone.

000073
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Both Fernstrom and Harmon had observed that the
nuclear recess provided a convenient secure seating
for the steel balls ...

000074
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... and as Fernstrom had demonstrated, they could be
safely inserted through a limited posterior discectomy
approach..

000075
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Patient selection followed by Fernstrom, and later by
myself...

0000'76
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... depended upon accepted clinical and radiological
criteria of the day for surgical treatment of disc
protrusions (Group I patients), or for treatment by
spinal fusion (Group II patients).

Group II patients also demonstrated a positive result
on discography.

We tried to avoid gross vertebral body and facet
osteophytes.

000077
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We required radiological evidence of adequate width
of the spinal canal and the presence of one central
nuclear recess.

000078
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I

As for the Femnstrom procedure itself, the patient was
positioned in the prone attitude with lumbar flexion to

-~~ neutral and the abdomen free of pressure.

5 ~~~~~~~~~~000079
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Instrumentation consisted of standard
laminectomy/discectomy instruments and retractors,
a large Cloward spreader, Fernstrom's curettes, sizers,
punches and steel balls, usually 10 to 15 millimeters in
size.
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I I

Following laminotomy and discectomy ...

0000 8 1
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)

Cloward's interspinous spreader was used for
segmental flexion and to aid completion of
discectomy, including meticulous curettage of the
nuclear recess with sized hemispherical curettes,
preserving all possible articular cartilage.

The disc space was often gradually expanded with
sizers.

000082
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The elliptical sizers were then used to determine the
appropriate size of steel ball.

A snug, stable fit was required.

000083
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The appropriate steel ball could then be inserted past
the nerve root and dura, protected by the nerve root
retractor in the annulus opening.

The ball might locate itself directly in the prepared
nuclear recess or could require re-direction.

In any case, it would ultimately "snap" or "lock" in
place.

0603284
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i

Here's another view, as a punch is about to be applied
) ~~to seat the steel ball in position.

I000085
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This next section profiles my own series of Fernstrom
j ~~procedures performed at the Royal Alex Hospital in

Edmonton, Canada.

3 ~~~~~~~~~~000086
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This is the first long term assessment of Femnstrom's
steel ball arthroplasty.

At the time of the study, my patients were 10 to 20
years post-op, with an average of about 17 years.

) ~~~~~~~~~~~~~~~~~~~~~~~~~26
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As you can imagine, follow-up of all patients on a
long term basis was not possible. Considering the
time interval from surgery to review, the overall
patient response to the study seemed commendable.
Many patients traveled long distances at personal
expense in order to participate.

Of my total of 103 Fernstrom procedure patients, 69
were available for long term assessment.

Using Femstrom's pre-op categorization, patients
were considered Class I or Class LI depending on their
pre-operative condition. Group I were those with disc
protrusions, while Group II were those with
degenerative disc disease who would otherwise have
qualified for spinal fusion.

27
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Here are the same numbers presented graphically.
You can see that the relative proportion of Group I vs.
Group IL patients in the total series and long term
follow-up series are very similar.

Also, the large sample size of long term follow-up
patients relative to the total probably adds to the
reliability of the results.

28
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In determining the break-down by sex and age, it was
observed that most patients had some break-down due
to both of these factors.

About 60% of patients were male, and the average age
was about 44 years.

) ~~~~~~~~~~~~~~~~~~~~~~~~~29
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Initially this was the distribution of patients in Group I
and Group II indicating those with procedures at one,
two or three spinal levels. The proportions of
Fernstrom procedures at one or more levels were
comparable for both the total series of patients and the
long term follow-up series.

As you would expect, patients in Group I1 were more
likely than those in Group I to have an initial
Fernstrom procedure at more than one level.

00009130

FOI - Page 180 of 216



This is the eventual status of the patients in Group I
and Group II showing the numbers in the total series
and in the follow-up series that had one, two)three or
four level prosthetic inserts.
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For those requiring subsequent surgery at the same
level as the initial Fernstrom arthroplasty,
decompression with or without fusion was the most
commonly performed additional procedure.
This reflects the changing awareness of spinal stenosis
during the decade or so after most of the initial
procedures had been completed.
Two surgeries were for recurrent disc protrusion and
one for a subluxated prosthesis. All occurred early in
series
Less than 10% of all patients ultimately required
fusion.

32
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Similarly, the new~back procedures were) ~predominantly decompressions.

0OOO943

to~l
FOI - Page 183 of 216



I developed several measures to assess clinical
outcomes, similar in many respects to one described
by Greenough & Fraser (Spine :17 pp 36-42)

These included the following..

) ~~~~~~~~~~~~~~~~~~~~~~~~~~34
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The patient's own assessment of outcome was graded) ~~as Excellent, Good, Fair or Poor, based on 6 key
factors. The overall Patient Assessment rating
basically required that rating for all 6 factors but
would allow for one grade below the predominant
grade..

000096
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Physician assessment was also carried out using a
similar method of grading on 7 key factors but
permitted two grades below the predominant grade or
one grade two grades below the predominant grade.

Where patient and physician assessments did not
correspond, the patient's assessment prevailed.
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A radiological grading of A to D was judged by the
loss of disc height and secondary vertebral changes.

I 37
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gradings. ~dAlgcainl ersnsnomlds egt

down to D which represents marked loss of disc height
with significant spurring, facet arthritis, and/or fusion.

000099

FOI - Page 188 of 216



Radiological grades were determined at 3 to 5 years
after surgery and 10-20 years after surgery.

As the graphs show, most patients showed some disc
collapse over time.

) 39
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One of the most significant results was that
approximately 95% of all patients returned to work,
80% of those to their regular jobs.

More than 90% had been disabled from work at the
time of surgery.

) 
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A final or overall outcome assessment combined the
patient, physician, and radiological assessments and
the patient's return-to-work results.I

Final outcome assessment indicated that the best
results occurred in Group I patients, but that generally
good results occurred in Group II patients as well.
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Thank you for your attention.

)
Go have a ball!

.) 43
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AFFIDAVIT

Of Alvin H. McKenzie, M.D.

Alvin H. McKenzie, M.D. hereby deposes and attests to the following statements of fadt:

1. I reside in Edmonton, Alberta, Canada and am a practicing orthopaedic surgeon.

2. This affidavit is to clarify my experience with the use of solid spinal spheres as a

stabilizing and arthroplasty device in the human spine prior to May 28, 1976, and

primarily between October, 1969 and late 1972. The Spinal Sphere System

developed by Stille and DePuy in consultation with Dr. Ulf Fernstrom was based on

the solid spinal sphere system developed by Austenal in consultation with

Dr. Paul Harmon in 1957, to restore stability to intervertebral disc levels, to stand

alone as an arthroplasty or to provide segmental intervertebral stabilization as an aid

to interbody fusion for degenerative disc disease, facet arthritis, degenerative

listhesis and pseudarthrosis.

3. I utilized the Spinal Sphere System developed and supplied by Stille and DePuy in

consultation with Dr. Ulf Fernstrom for segmental arthroplasty of the cervical and

lumbar spine (02 to Si intervertebral disc spaces) to provide spinal stabilization and

motion preservation at one or more levels. The spheres were inserted from a

posterior approach in the lumbar spine and an anterior approach in the cervical

spine, and placed in the middle of the disc space and slightly posteriorly, usually in

the nuclear recesses between the vertebral bodies. This placement mimicked the

kinematic center of the functional spinal unit (at each level or at multiple levels).
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4. I promoted the device for the following medical indications:
2

to maintain disc height, mobility and stability after discectomy for disc protrusion; and

to restore stability and improve facet alignment and functional motion after

discectomy for painful degenerative spondylosis with instability and/or early to

moderate facet arthritis. Other conditions were implied since no restrictions in use

were given; in other words Howmedica (Austenal) and Stifle and DePuy did not

restrict the indicated use of the Spinal Sphere at any time.

5. I personally used the Spinal Sphere System primarily in the lumbar spine from a

posterior approach and in the cervical spine from an anterior approach. However

none of the companies or myself ever restricted the use to any segment of the spine,

provided that the Sphere could be safely fitted within the circumferential confines of

the host intervertebral space. Such use was implied in the term 'spinal' that was
9

used to describe both the Harmon spheres and the Fernstrom arthroplasty spheres

that were intended to be used anywhere in the spine.

6. The surgical technique of use for each indication did not vary according to the level

of lumbar implantation or medical condition being treated. The routine surgical

technique consisted of first exposing the lumbar spine from a posterior direction at

the level(s) to be implanted. The soft tissue attached to the level(s) of implantation

would be released and retracted. A laminotomy would be developed at the point of

posterior entry sufficient to allow entry of the prosthetic sphere. A discectomy would

be performed, followed by complete excision of the degenerative nucleus pulposus

and preparation of the nuclear recess. Spinal Sphere sizers were used to determine

the appropriate diameter of implant to restore stability to the disc level. Finally, the
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appropriate sized sphere would be placed in the nuclear recess of the disc space

utilizing an attached inserter or a punch. This process would be repeated if multiple

levels were indicated.

7. I, and other surgeons, used the spheres prior to May 28, 1976. I also promoted the

use of the device prior to May 28,1976, acknowledging that the instrument

developers and suppliers were Stille and DePuy. Dr. Paul Harmon (of West Covina,

CA) promoted the Harmon Spinal Sphere for use in the disc space for degenerative

disc disease as developed by Austenal prior to May 28, 1976.

8. Most of the medical records and x-rays of my patients who had the Spinal Spheres

implanted between 1969 and 1988 are still available (approximately 100 total). I

have provided copies of my records, which are true, accurate and complete.

9. Through correspondence with Dr. Paul Harmon in 1969, 1 know Austenal
J

manufactured Vitallium spheres for Dr. Harmon's use from 1959 to 1961. These

spheres were not part of any research project, and were commercially available.

Dr. Harmon forwarded to me his remaining inventory of spheres which remain in my

possession today. Each sphere is packaged and referenced by an Austenal catalog

number for the Harmon Spinal Spheres.

10. In addition to the spheres sent to me by Dr. Harmon in 1969, 1 was in contact with

the Stille Company of Stockholm, Sweden and the DePuy Manufacturing Company

of Warsaw, Indiana. Stille and DePuy supplied me with implants and instruments for

the sphere procedure.

11.I promoted the use of the sphere procedure to U.S. surgeons at the 1971 Canadian

Orthopaedic Association Meeting. As noted in the enclosed course brochure, 000 1 20
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twenty U.S. surgeons were in attendance at the meeting. The program provides

reference to the date and time of my presentation.

12. A copy of the relevant page from my CV is attached to this affidavit confirming the

title, place, and year of other sphere presentations. The surgical procedure slides

from a 1997 talk were taken in whole or in part from the 1972 presentation to the

Canadian Orthopaedic Association Meeting. Therefore, although the presentation

itself was not retained, graphic illustrations demonstrating the procedure are

available. This evidence proves that as early as 1972 I was promoting the Spinal

Sphere System for arthroplasty as then instrumented by Stille and DePuy.

13.AII of the information that I have been able to find on the meetings in which I

participated prior to 1976 is attached to this affidavit.

14.1 have other sources of publications, presentations, and literature etc. that describe

and promote the use of the Spinal Sphere System for spinal arthroplasty and for its

indication in post-operative discectomy, degenerative disc disease and segmental

instability.

15. In addition to using the spheres as part of my orthopaedic practice, I was also the

recipient of intervertebral spheres at both the L4-L5 and L5-S1 levels of my spine in

surgery conducted by Dr. Ulf Fernstr6m, of Sweden, in May of 1972. He performed

a 2-level procedure on my own lumbar spine for painful disc ruptures with

radiculopathy at both levels. Since then, I have had no complications from the

procedures, have not needed any subsequent spinal surgeries and have maintained

the mobility of my spine. Overall, my outcome has allowed me to enjoy a robust

pain-free lifestyle. 00012
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) 16.1 have no financial interests in Stille, DePuy, Howmedica (Austenal), and/or

Medtronic Sofamor Danek or any of their related companies. I have not received

and will not receive anything of value as compensation for this affidavit.

I declare under the penalty of perjury that the foregoing is true and correct to the best of

my knowledge.

Alvin H. McKenzie, M.D. DATE: 'j -r

PROVINCE OF ALBERTA

CITY OF EDMONTON

Sworn to and Subscribed before me this .~....day of, A 1 1P9

My Commission Expires:

Notary Publ ~co
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Stephen J. Ferguson T eln-em m caia nert
Judith M. A. Visser nh on-reifrm ehncdinte polyme
Anne Polikeit of no -enoc d PEEK-OPTIMA poy e

for demanding spinal applications:
experimental and finite-element analysis

Received: IS August 2004 Abstract Polyetheretherketone der complex loading conditions, a
Revised: 19 January 2005 (PEEK) is a novel polymer with three-dimensional finite element
Accepted: IS February 2005 potential advantages for its use in model of a functional spinal unit was
Published online: 7 June 2005 demanding orthopaedic applications created. The elastic modulus of

©Springer-Verlag 2005 (e.g. intervertebral cages). However, PEEK polymer specimens in a
the influence of a physiological physiological environment was 1.8%
environment on the mechanical sta- lower than that of specimens tested
bility of PEEK has not been re- at dry, room temperature conditions
ported. Furthermore, the suitability (P <0.001). The results from the
of the polymer for use in highly creep test showed an average creep
stressed spinal implants such as strain of less than 0.1I% after
intervertebral cages has not been 2000 hours of loading. The finite
investigated. Therefore, a combined element analysis demonstrated high
experimental and analytical study strain and stress concentrations at
was performed to address these open the bone/implant interface, empha-
questions. A quasi-static mechanical sizing the importance of cage
compression test was performed to geometry for load distribution. The
compare the initial mechanical stress and strain maxima in the im-
properties of PEEK-OPTIMA plants were well below the material
polymer in a dry, room-temperature strength limits of PEEK. In sum-
and in an aqueous, 370C environ- mary, the experimental results yeni-
ment (n - I0 per group). The creep fled the mechanical stability of the
behaviour of cylindrical PEEK PEEK-OPTIMA polymer in a sim-S. J. Ferguson (EFm) J. M. A. Visser polymer specimens (n = 6) was mea- ulated physiological environment,

A. Polikeit
institute for Surgical Technology sured in a simulated physiological and over extended loading periods.
and Biomnechanics, MEM Research Center, environment at an applied stress le- Finite element analysis supported
University of Berne, Stauffacherstrasse 78, vel of 10 MPa for a loading duration the use of PEEK-OPTIMA for load-
3014 Bern, Switzerland of 2000 hours (12 weeks). To com- bearing intervertebral implants.
E-mail:
Stephen.Ferguson~MEMcenter.unibe.ch pare the biomechanical performance
Tel.: ±41-31-6315925 of different intervertebral cage types Keywords PEEK Material proper-
Fax: +41-31-6315960 made from PEEK and titanium un- ties Creep - Cages Fusion

Introdjuction which combines chemical and hydrolysis resistance,
resistance to the effects of ionizing radiation, high

Polyctheretherketone (PEEK) polymer has been pro- strength and good tribological properties with extensive
posed for use in demanding, long-term orthopaedic biocompatibility [19, 27, 37]. PEEK is a thermoplastic
applications. PEEK is a high-performance biomaterial which can be easily processed into complex implant
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forms. Moreover, this biomaterial can be repeatedly recently been reported for PEEK cervical cages and/or
sterilized using conventional steam, gamma and ethylene anterior plating devices for spinal fusion [10, 13, 20, 20,
oxide processes without significant deterioration. 24, 33, 38]. While the biomechanical performance of

Implants based on the PEEK polymer have been conventional metallic lumbar intervertebral devices has
developed in the last decade as an alternative to con- been extensively evaluated through in vitro testing [28]
ventional metallic devices. PEEK devices may provide and finite element analysis [30, 31], the performance of
several advantages over the use of conventional ortho- PEEK lumbar fusion cages has not been reported.
paedic materials, including the lack of metal allergies, Polyetheretherketone polymer is a promising material
radiolucency, low artefact on magnetic resonance for use in demanding spinal applications. However, the
imaging scans and the possibility to tailor mechanical mechanical integrity of the polymer in a physiological
properties [7]. PEEK polymer devices were first reported environment and its suitability for use in highly stressed
for fracture fixation, using carbon reinforcement in a implants such as intervertebral cages have not been
PEEK matrix [8, 17]. Iso-elastic, carbon-reinforced adequately investigated. Therefore, a combined experi-
PEEK hip prosthesis components have been proposed to mental and analytical study was performed to address
address the modulus mismatch between the bone and these open questions with the following specific goals:
implant material in order to improve load transfer [2, 3, (1) to compare the initial mechanical properties of
I8, 34]. Uncoated and titanium-coated PEEK has been PEEK-OPTIMA in dry, room temperature and in
suggested for use in dental implantology [9, 11]. aqueous, body temperature conditions, (2) to determine

The in vivo performance of orthopaedic devices is the creep properties of this material in an aqueous,
highly dependent on the intrinsic mechanical properties body-temperature environment and (3) to compare the
of the chosen implant material. Bulk mechanical, inter- biomechanical performance of different intervertebral
facial and wear properties for hydroxyapatite- and car- cage types made from the PEEK polymer to that of
bon-reinforced PEEK polymers have been reported [1, titanium cages under complex loading conditions.
4, 8, 23, 25, 39]. However, non-reinforced PEEK is
increasingly the material of choice for orthopaedic
applications. No data for the initial mechanical prop- Methods
erties of pure PEEK polymer in a physiological envi-
ronment have been published. An aqueous, body Quasi-static compressive testing
temperature environment has been shown to substan-
tially influence the mechanical properties of other med- A compressive test was designed according to the
ical-grade polymers such as ultra-high molecular weight American Society for Testing and Materials (ASTM)
polyethylene (UHMWPE) [12, 21]. Furthermore, testing standard D695-02 [6] to determine the elastic
orthopaedic polymers are susceptible to creep, the time modulus. Cylindrical test specimens were machined
dependent, non-recoverable material flow in response to from stock PEEK-OPTIMA' LTI rod material (Grade
continuous loading, which can result in a significant LTIR30, Invibio, Lancashire, UK), with dimensions
alteration of implant geometry and biomechanical per- 12.7 mm diameter by 50.8 mm length to fulfil the re-
formance. Creep deformation of pure PEEK in a dry quired slenderness ratio of 11-16. Two groups (n = 10
environment has been reported to vary from less than per group) were tested. Specimens to be tested in a
0.1 % per month at room temperature to more than I% simulated physiological environment were conditioned
per month at elevated temperatures for stress levels in a saline solution (0.15 M NaCI) at 37°C (+ I°C) for
relevant to orthopaedic applications (5-10 MPa) [36]. 48 h before testing. The compressive tests were per-

An increasing number of PEEK devices for interbody formed on an MTS 858 Bionix servohydraulic testing
fusion are now available. A primary advantage of fusion machine (MTS Systems Corporation, Eden Prairie, MN,
devices made from PEEK is the undisturbed radio- USA). Specimens were compressed at 0.02 mm/s to a
graphic evaluation of progression towards bone fusion. maximum load of 5,000 N. The samples were centred
The lower elastic modulus of PEEK may minimize stress under the hydraulic actuator and compressive loads
shielding effects, or even potentially have a stimulatory were applied through a ball joint to ensure a purely axial
effect on bone generation [16, 27] and lead to a better force. The compressive force data were measured by an
fusion than that achieved with metallic cages. Further- integrated load cell (± I N), displacement data were
more, PEEK has been shown to be harmless to the measured by the position of the hydraulic actuator
spinal cord in site-specific biocompatibility tests [32]. (± 1 pm) and collected at a sampling rate of 10 Hz.
Intervertebral cages are subjected in vivo to complex, From force, length and geometric data, the engineering
three-dimensional loading conditions characterized by stress and strain were calculated. The modulus of elas-
high compressive loads which vary spatially and tem-
porally with flexion, extension and side-bending mo- 'PEEK-OPTIMA is a specific medical grade of PEEK, supplied for
tions. Biomechanical testing and pre-clinical results have use in human implantable devices.
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ticity was determined by taking the tangent to the linear loaded samples were replaced in the loading set-up and
portion of the stress-strain curve. Differences in elastic the reference samples in their reference position. The
modulus between groups were evaluated for statistical total time duration of the measurement procedure was
significance using a Student's I-test, with a significance approximately 5 min. Although measuring the creep of
level of P-0.05. unloaded specimens is in contrast to the ASTM speci-

fication, this procedure has been employed previously
for the determination of creep in UHMWPE specimens

Creep testing and eliminates errors in specimen length originating
from play in the linkages of the apparatus [22].

The creep test was based on ASTM D2990-01 [5], with Compressive creep was calculated for each specimen
some practical modifications. Cylindrical specimens by subtracting the specimen length measured at each
were machined with a diameter of 6 mm and a length of time interval from the initial length of the specimen.
22.5 mm to fulfil the required slenderness ratio. A multi- Compressive creep strain was calculated by dividing the
station creep testing apparatus was constructed to load compressive creep by the original length of the specimen.
three specimens simultaneously and independently. The Each creep strain measurement was then corrected by
testing apparatus was designed to apply a constant subtracting the average strain of the reference samples,
vertical load on each of the specimens separately via a measured at the same time and temperature.
second class lever arrangement using weights suspended
from a freely-pivoting cantilevered beam (Fig. I). The
load was transferred from the beam to the samples by a Finite element model
ball joint to ensure pure axial compressive loading.
Specimens were contained within a saline bath (0.15 M An accurate three-dimensional finite element (FE) model
NaCI+0.01% sodium azide to prevent bacterial of the convex SynCage-LR (Synthes, Bettlach, CH,
growth), heated to 37°C (± I°C) by an immersion hea- USA) was developed and inserted in a validated, three-
ter. The samples were conditioned in the bath for 70 h dimensional, nonlinear FE model of a L2-L3 functional
prior to loading. The testing apparatus was placed in a spinal unit (FSU) (Fig. 2). Details of the model devel-
stable environment, free from vibrations. An axial opment have been given elsewhere [30, 31], and are
compressive stress of 10 MPa was chosen for the nom- briefly summarised here. The geometry of the model was
inal load, based on preliminary finite element analyses of based on CT scans of a healthy, young cadaver speci-
the stress state within representative PEEK interverte- men. The material properties were adapted from previ-
bral cage designs during daily activities (unpublished ous finite element studies and assumed to be linear,
data). Six specimens were loaded and four control homogeneous and isotropic. For validation, the results
samples were kept unloaded for reference in the same of this model were compared to experimental data [14,
bath conditions. 29]. The relationship between force and displacement,

The length of each sample was measured prior to the resulting nucleus pressure as well as the maximum
loading with a precision micrometer (Mitutoyo, Japan; principal strain at several locations on the vertebra were
± I gin). The lengths of the samples, loaded and refer- found to be in good agreement.
ence, were measured at 6, 12 and 30 min; 1, 2, 5, 20, 70, An anterior insertion of an intervertebral cage was
100, 200, 500, 700, 1,000 and 2000 h (12 weeks) after modelled by removing the anterior longitudinal liga-
loading was begun. At each of these time points, the ment, the nucleus pulposus and the necessary amount of
samples were briefly unloaded and elastic strain recovery fibre and annular elements. The cage size was chosen
allowed. Each sample was taken out of the bath, blotted
quickly and the length measured immediately with the ",-
precision micrometer. After each measurement, the

Bait Joint

Sample ~37PC PBS Bath Wih~1

Fig. 2 Finite element model of a L2-L3 functional spinal unit (left)
Fig. I Schematic illustration of creep-testing apparatus and the SynCage-LR intervertebral cage (right)
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according to the space between the vertebrae, as pro- a o
posed by the manufacturer, to restore lordosis and disc R2 = 09643
height. 0.08

Changes in the load transfer due to the implantation
were investigated comparing intact and instrumented ;00o ,
FSUs. Instrumented FSUs included either a modified f
SynCage (flattened inferior and superior faces) or a 0 .4convex SynCage-LR made from either PEEK or tita- . .....
nium to assess design and material differences. A non- 002 * 37 wet
linear, three-dimensional contact definition was used A22 y
between the implant and the neighbouring endplates for coo
the SynCage-LR. Between the surfaces of the simplified, o t l
flat SynCage and the anatomically curved endplates, this time (hours)
contact definition was not appropriate. Therefore gap
elements were introduced here, with the contact direc- b 0.10
tion chosen perpendicular to the cage surfaces. To in- R:-0.9643
clude the effect of the small teeth on the original cage 0.08
surfaces, a friction coefficient of 0.8 was defined for all j?
contact interactions. The model was loaded with either . 0 0.08
pure axial compression (1,000 N) or pure bending mo-
ments (up to 8 Nm, with a 400 N axial compressive 004
preload) in all three anatomical planes. ABAQUS 6.3
was used to solve all models (HKS, Pawtucket, USA). 0.02

0.00

Results I; ~: ~ ,~' ,
time (hours)

Material property testing Fig. 3 Average corrected creep strain for PEEK-OPTIMA as a
function of a linear and b logarithmic time. The total creep strain

The modulus of elasticity of PEEK-OPTIMA samples after 2000 hours in a 370C aqueous environment at an applied
stress of 10 MPa was on average less than 0.1%. For reference, thetested in a 37°C aqueous environment was 1.8 % lower corrected creep strain for standard PEEK polymer (450 G) in athan that of samples tested in a dry, room temperature dry, 23°C environment is also plotted [34]

environment. The standard deviation of the calculated
modulus values was very low. Therefore, while temper-
ature and humidity had a statistically significant a stress level of 10 MPa was less than 0.1%. For com-
(P< 0.001) influence on the elastic modulus, the differ- parison, the total corrected creep strain for PEEK
ence was nevertheless small (Table I). polymer tested in a dry, room-temperature environment

The corrected creep strains were plotted as a function is approximately 0.04% [36].
of linear and logarithmic time (Fig. 3). The strain in-
creased more rapidly in the first few hours, followed by a
reduced rate of creep later in the experiment, Finite element analysis
approaching a steady state after 2000 hours of loading.
Approximately 80% of the total creep strain was The insertion of an intervertebral cage substantially al-
achieved within the first 200 h. Creep strain data was tered the load transfer through the functional spinal unit

for pure compression (Fig. 4), flexion-extension (Fig. 5),best fit by a logarithmic function (r =20.964) with an latera
average slope of 5.715x10 - 5 (1/log[min]) for an applied strain bening ig.6)and axial r ato tres andstanmaxima were increased for all cage types com-pressure of 10 MPa. The total creep after 2000 hours at pared to the intact situation. For example, for com-

pression loading, L2 inferior endplate maximum strain
Table I Initial elastic modulus values increased by 928% and 923%, respectively, fol-

Elastic modulus Elastic Modulus owing insertion of titanium and PEEK cages of similar
(GPa) @& Dry, (GPa) ~ Wet, 370C geometry. For flexion loading, maximum strain values
room temperature within the cancellous bone of L3 increased by 719% and

741%, respectively, following insertion of PEEK and
Average 3.51 3.57 titanium cages. Similar trends were observed for all
Standard deviation 0.02 0.02 loading conditions. Differences in the altered stress and

1353
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Fig. 4 a Maximal principal strain distribution in the inferior L2
endplate due to 1,000 N of compression. From left to right Intact,
PEEK SynCage-LR, titanium SynCage-LR, flat SynCage. b Von
Mises stress distribution in the cages due to 1,000 N of compres- -

sion. From left to righit PEEK SynCage-LR, titanium SynCage-LR,
flat SynCage

strain distributions were more evident between the two
cage designs (flat SynCage vs. convex SynCage-LR) than
for the two materials investigated (PEEK and titanium),
Fig. 4 a. Maximum contact stresses with the flat Syn-
Cage tended to be locally distributed around the
periphery of the implant, whereas the contact stresses b 2sNi Flexion Wm Flexion 8Nmn Flexie.,
with the SynCage-LR were more evenly distributed
across the centre of the endplate.

Regarding the material differences, titanium cages
produced increased areas of high strain within the
adjacent vertebrae under compression and lateral
bending. Additionally the resulting strain maxima were a
different: for 8 Nm of flexion, for example, the strain !, f
maximum in the cancellous bone of L3 was 22% higher,
following the insertion of a titanium cage than after the E
implantation of one made from PEEK. In the cages
themselves, slightly lower stresses and decreased areas of
high stresses were seen in a SynCage-LR made from ,Mi-f 0 4 8 12 16 rax
PEEK, compared to an identical design in titanium, for vir~Mlna) -
compression, flexion, lateral bending and axial rotation, Fig. 5 a Maximal principal strain in the inferior endplate of L2 due
Figs. 4b, 5b, 6b. Maximum von Mises stresses within the to flexion. From leJ? to right 2.5 Nm, 5 Nm, 8 Nm. From top to
PEEK cage were 45.7 MPa, 31.5 MPa, 52.6 MPa and bottom Intact, PEEK SynCage-LR, titanium SynCage-LR. b Von

Mises stress in the SynCage-LR due to flexion. From left to right32.7 MPa for 1,000 N compression, 8 Nmt flexion, 8 Nm 2.5 Nm, 5 Nm, 8 Nm. Top row PEEK SynCage-LR, bottom row
lateral bending and 2.5 Nm axial rotation respectively. Titanium SynCage-LR

Numerical singularities precluded solution of the in-
tact model for extension moments greater than 5 Nm
and axial rotation greater than 2.5 Nm for the models integrity of the polymer in a physiological environment
including a cage. has not been documented. Furthermore, the suitability

of the polymer for use in highly stressed implants such as
intervertebral cages and the potential biomechanical

Discussion advantages of PEEK implants for spinal applications
have not been investigated. Therefore, a combinedAlthough PEEK has been proposed for use in experimental and analytical study was performed to

demanding orthopaedic applications, the mechanical address these open questions.

13'
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a 2,S1n, LLR Stin LLB SNm LLB temperature and hydration which have been observed
for other medical grade polymers such as polyurethanes
and polyethylenes [1-2, 21]. Nevertheless, final proof-
testing of PEEK orthopaedic implants should be con-

U ~~~~~~~~~~~~~ducted in a simulated physiological environment.
The method used to measure total polymer creep

did not fully conform to the ASTM testing standard.
Maximal However, the chosen method eliminates inaccuracies
tipnnipai that could be caused by play in the testing apparatus,

stan and the same method has been used previously to:max determine the creep characteristics of polyethylene [22].
0,072 Furthermore, the static compressive loading represents-4 ~~~~~~~~~~0,054
0.036 a worst-case loading scenario for creep measurements,
:01 as no recovery of the specimens is allowed throughout

the testing, in contrast to the dynamic loading expe-
rielevan in vivo. The total test duration of 2000 hours

farexcedsthetest duration previously reported for
polethlee [2]and represents a more physiological
releantloaingduration for implants designed to aid

spinal fusion. The creep rate determined for PEEK-k ~~~~~~~~~~ ~~OPTIMA was approximately two orders of magnitude
lower than that previously measured for medical grade

(.0 ~~~~~~~~~~~polyethylene [22], whereas the total deformation of
PEEK-OPTIMA was slightly increased in a 370 C,
aqueous environment when compared to that mea-

r ~~sured at room temperature in a dry environment [36].b In practce, the total non-recoverable deformation ofZs" LLS SfN LS . LLB PEEK-OPTIMA would be negligible, with maximum
0.I stain after 2000 hours at a stress level of

dependent changes which could be expected in the
surrundig boe du toremodelling effects. The ref-

eecsamples expanded slightly during the experi-
.9 ~~~~~~~~~~~~ment, most likely due to fluid absorption. Therefore,

water absorption may counteract creep in vivo, and
the corrected creep strain measured here can be con-
sidered a conservative estimate of the material's creep
behaviour. These results verify the mechanical stability

M'S 4 U 21 of the PEEK-OPTIMA polymer in a simulated phys-
Snem. 1A ><v iological environment, and over extended loading

Fig. 6 a Maximal principal strain in the inferior endplate of L2 due periods.
to left lateral bending. From left to right 2.5 Nmt, 5 Nim, 8 Nrm. The finite element analyses approximated the load-
From top to bottom Intact, PEEK SynCage-LR, titanium SynCage- ing situation existing in the initial time period after the
LR. b Von Mises stress in the SynCage-LR due to left lateral implantation. Following cage insertion, high strainsbending. From left to rig/it 2.5 Nmn, 5 Nmn, S Nim. Top row PEEK and stresses were concentrated in the contact areasSynCage-LR, bottom row Titanium SynCage-LR between the cage and endplate, underlining the

importance of sufficiently large contact zones. Contact
Testing in an aqueous 370C environment showed a stresses below the anatomically-shaped implant with

statistically significant but marginal influence on the curved surfaces tended to be more broadly distributed
initial mechanical properties of PEEK-OPTIMA. The across the central endplate, whereas contact stresses
measured difference in properties would not invalidate around the flat implants tended to be concentrated
implant designs based on previously published material around the periphery of the device. However, it has
properties obtained in a dry, room temperature testing. been shown previously that the local endplate strength
PEEK-OPTIMA can therefore be considered mechani- increases towards the outer edges [15], and the integrity
cally stable in vivo, as it does not demonstrate the sub- of similar intervertebral cage designs, relying only on
stantial changes in mechanical properties with peripheral support, has been demonstrated in previous
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experimental testing [351. For the rather demanding towards a more pronounced stress-shielding situation
loading conditions applied in the simulations, the with titanium cages might be concluded from our results.
determined maximum principal strains approached the Model solutions could not be obtained for certain
limits of the elastic definition used for the materials in loading cases. The complexity of the contact definition
this model. Calculated local bone strains might exceed at the cage-endplate interface, in conjunction with a
the yield strain reported for vertebral trabecular bone realistic interface shape mismatch, resulted in a failure of
[26), so the possibility of local bone changes in response the model solution at high extension and rotation mo-
to mechanical loading cannot be excluded and implant ments. This numerical instability is consistent with
subsidence may occur. However, this initial settling experimental results demonstrating the limitations of
period might offer the possibility to achieve a larger, standalone cages to stabilize a spinal motion segment
more congruent contact interface between cage and under these types of loadings [28].
endplates, and in consequence, an enhanced stability. In summary, our experimental and finite element
Furthermore, anterior lumbar interbody fusion with a analysis established that PEEK-OPTIMA is a suitable
standalone cage, as represented in this model, is a material for load-bearing implants in the human body.
mechanically demanding application. The addition of Used in intervertebral cages, it performs at least as well
supplemental posterior fixation (e.g. translaminar facet as similar titanium implants, additionally offering the
screws), a commonly used adjunt to the anterior im- possibility of undisturbed radiographic fusion control
plant, would provide a substantial load-sharing capac- due to its radio-translucency and potential benefits for
ity and reduce the level of stresses generated within the the stimulation of bone formation due to the close match
vertebral bodies. between the mechanical properties of the polymer and

For the applied forces and moments, representing host bone.
everyday loads, the stress and strain values determined in
the cages themselves never approached the limits of the Acknowledgements PEEK-OPTIMA material provided by Invibio,
polymer's or titanium's intrinsic material strength.' The Lancashire, UK. Financial support provided by Mathys Medical
resulting differences in load transfer due to the two cage Ltd., Bettlach, Switzerland.
materials were relatively small; nevertheless, a slight trend
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